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1.0 DECLARATION 

 

1.1 SITE NAME AND LOCATION 

Naval Submarine Base-New London (NSB-NLON) 
United States Environmental Protection Agency (EPA) ID No. CTD980906515 
Operable Unit (OU) 4 
Lower Subase – Zones 1 through 7 (Sites 10, 11, 13, 17, 19, 21, 22, 24, and 25) 
Groton, Connecticut 
 

1.2 STATEMENT OF BASIS AND PURPOSE 

This Record of Decision (ROD) presents the Selected Remedies for soil, groundwater, surface water,  
and sediment at OU4 - Lower Subase, which includes Zone 1 (Sites 10 and 11), Zone 2, Zone 3 (Site 17), 
Zone 4 (Sites 13 and 19) and Outer Pier 1, Zone 5 (Site 22), Zone 6 (Site 24), and Zone 7 (Sites 21 and 
25) and the adjacent Thames River (see Figure 1-1), which were chosen by the Department of the Navy 
(Navy) and EPA in accordance with the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA), 42 United States Code (USC) §9601 et seq., as amended by the Superfund 
Amendments and Reauthorization Act (SARA), and the National Oil and Hazardous Substances Pollution 
Contingency Plan (NCP), 40 Code of Federal Regulations (CFR) Part 300 et seq., as amended.  This 
decision is based on information contained in the Administrative Record file for the site.  The Connecticut 
Department of Energy and Environmental Protection (CTDEEP) concurs with the Selected Remedies 
(see Appendix A). 
 

1.3 ASSESSMENT OF SITE 

The response actions selected in this ROD are necessary to protect the public health or welfare or the 
environment from actual or threatened releases of hazardous substances into the environment.  CERCLA 
actions are required because concentrations of polycyclic aromatic hydrocarbons (PAHs) and metals in 
soil pose unacceptable risk to current human receptors in Zones 3, 4, and 7 and future human receptors 
in Zones 1, 3, 4, and 7 and concentrations of PAHs, polychlorinated biphenyls (PCBs), pesticides, and 
metals in sediment pose unacceptable risk to current and future ecological receptors (i.e., sediment 
invertebrates and piscivorous birds) in Zone 4 and Outer Pier 1.  Total petroleum hydrocarbons (TPH) are 
present in soil and possibly groundwater at some sites within OU4, but because TPH is a non-CERCLA 
contaminant, it will be addressed under a separate regulatory program to meet CTDEEP Remediation 
Standard Regulations (RSRs).  In Zone 4, some soil is contaminated with lead and TPH; this commingled 
soil will be addressed under CERCLA and is included in this ROD.  No CERCLA risk was identified from 
exposure to groundwater or surface water; therefore, no CERCLA remedial actions for these media are 
required. 
 

1.4 DESCRIPTION OF SELECTED REMEDIES 

The major components of the Selected Remedies for each zone of the Lower Subase and the Thames 
River adjacent to the Lower Subase are summarized in Table 1-1.   
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The Selected Remedies for Zones 1, 3, and 7 soil eliminate unacceptable human health risk by 
maintaining current pavement and building foundations through land use controls (LUCs) (engineering 
controls, institutional controls, and inspections) and monitoring.  The Selected Remedy for Zone 4 soil 
eliminates unacceptable human health risk by excavating areas of soil with contaminant concentrations 
that exceed direct exposure remedial goals (RGs) for industrial/commercial (I/C) site use to a depth of 
2 feet below ground surface (bgs) and pollutant mobility RGs to the depth of the water table and 
maintaining current pavement and building foundations in areas that exceed residential criteria through 
LUCs and monitoring.  The Selected Remedy for Zone 4 and Outer Pier 1 sediment eliminates 
unacceptable ecological risk by removing sediment associated with unacceptable risk in Zone 4 and 
maintaining the current cover of clean sediment over a small area of contaminated sediment in Outer Pier 
1 through LUCs.  LUCs and monitoring will be implemented in Zone 4 because of the potential for 
contaminated sediment remaining under the existing quay wall and pier structure to recontaminate clean 
sediment in the dredged area of Zone 4.  
 
No further CERCLA action is necessary for Zones 2, 5, and 6 soil, Zones 1, 2, 3, 5, 6, and 7 sediment, or 
Zones 1 through 7 groundwater or surface water because chemical concentrations in these media do not 
present unacceptable CERCLA risks.  As documented in the Lower Subase Feasibility Study (FS) 
Addendum, the Navy, in partnership with EPA and CTDEEP, agree that soil in Zones 2, 5, and 6 and 
groundwater in Zones 1 through 7 were not a concern under CERCLA.  Previous evaluations of surface 
water in the Thames River adjacent to the Lower Subase concluded that surface water did not pose an 
unacceptable risk to human or ecological receptors, and this medium was not re-evaluated in either the 
FS or FS Addendum.  A previous risk assessment completed for shellfish and finfish in the Thames River 
determined that there were no unacceptable CERCLA human health risks associated with consumption of 
these organisms.  Thames River sediment data collected during previous investigations indicated that no 
unacceptable ecological risks were present from exposure to sediment in the Thames River adjacent to 
Zones 1, 2, 3, 5, 6, and 7; thus, sediment in these areas was not re-evaluated in either the FS or FS 
Addendum.   
   
Implementation of the Selected Remedies in Zones 1 through 7 (Sites 10, 11, 13, 17, 19, 21, 22, 24, and 
25) of the Lower Subase will not adversely impact the current and reasonably anticipated future land use 
of the Lower Subase as an industrial facility.  The Selected Remedies are expected to achieve substantial 
long-term risk reduction and allow the property to be used for the reasonably anticipated future land use 
as an industrial facility to support Navy activities.  This ROD documents the final remedial action for the 
Lower Subase and does not include or affect any other sites at the facility.  Implementation of these 
remedies is consistent with current use, base operations, and the overall cleanup strategy for NSB-NLON 
to clean up sites to achieve compliance with CERCLA.  Compliance with CERCLA includes achieving 
Applicable or Relevant and Appropriate Requirements (ARARs) identified in Appendix B of this ROD. 
 

1.5 STATUTORY DETERMINATIONS 

The Selected Remedies are protective of human health and the environment, comply with federal and 
state requirements that are applicable or relevant and appropriate to the remedial actions, are cost-
effective, and utilize permanent solutions and alternative treatment (or resource recovery) technologies to 
the maximum extent practicable.  The Selected Remedies do not satisfy the statutory preference for 
remedies that use treatment as a principal element to reduce the toxicity, mobility, or volume of 
hazardous substances, pollutants, and contaminants.  The Selected Remedies will not achieve reduction 
in contaminant toxicity, mobility, or volume through treatment, except through the treatment of the 
residual dewatering fluid that remains after the bulk dewatering process is completed on the dredged 
Zone 4 sediments.  Based on the presence of pavement and building foundations that limit human health 
exposure and prevent contaminants from migrating from soil to groundwater and from soil to river 
sediment, it was concluded that it was impracticable to cost-effectively excavate or treat contaminated soil 
in Zones 1, 3, and 7 and a majority of soil in Zone 4.  In addition, soil excavation is not feasible in the 
majority of the zones because it would limit base operations and require relocation of numerous 
underground utilities.  However, it was concluded that the presence of pavement and building foundations 
may not be adequate to prevent Zone 4 lead contamination from migrating from soil to groundwater; 
therefore, Zone 4 lead-contaminated soil exceeding Alternative GB Pollutant Mobility Criteria (PMC) RGs  



NSB – New London OU4, Lower Subase – Zones 1 through 7 
 Sites 10, 11, 13, 17, 19, 21, 22, 24, and 25 ROD 

 3 August 2012  

 

FIGURE 1-1.  SITE LOCATION MAP 
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TABLE 1-1.  THE CLEANUP PROPOSAL 

MEDIUM 

ZONE 1—SITES 10 AND 

11 
ZONE 2 ZONE 3—SITE 17 

ZONE 4—SITES 13 AND 

19  

AND OUTER PIER 1 

ZONE 5—SITE 22 ZONE 6—SITE 24 
ZONE 7—SITES 21  

AND 25 

CHEMICALS 

OF 

CONCERN 

(COCS) 

PROPOSED 

CERCLA 
 ACTION 

COCS 
PROPOSED 

CERCLA 
 ACTION 

COCS 
PROPOSED 

CERCLA 
ACTION 

COCS 
PROPOSED 

CERCLA 
 ACTION 

COCS 
PROPOSED 

CERCLA 
ACTION 

COCS 
PROPOSED 

CERCLA 
ACTION 

COCS 
PROPOSED 

CERCLA 
 ACTION 

Soil -  
Residential 
Exposure  

PAHs, lead, 
mercury 

LUCs and 
Monitoring 

None 
No Further 

Action 
(NFA) 

PAHs, 
Lead 

LUCs and 
Monitoring 

PAHs, 
lead 

Excavation, 
LUCs, and 
Monitoring 

None NFA None NFA 
PAHs, 
metals 

LUCs and 
Monitoring Soil - 

Industrial/ 
Commercial 

Exposure 

None NFA None NFA Lead Lead None NFA None NFA 
antimony, 

lead 

Sediment - 
Ecological 

Risk 
None NFA None NFA None NFA 

PCBs, 
pesticides, 
PAHs, & 
metals 

Dredging, 
LUCs and 
Monitoring 
(Zone 4);  
LUCs and 
Monitoring 
(Outer Pier 

1) 

None NFA None NFA None NFA 

Groundwater 
Human 

Health and 
Ecological 

Risk 

There are no unacceptable human health risks for the residential or industrial/commercial scenarios or unacceptable ecological risks for any of the Lower Subase zones. 

Surface 
Water 

Human 
Health and 
Ecological 

Risk 

There are no unacceptable human health risks for the residential or industrial/commercial scenarios or unacceptable ecological risks for any of the Lower Subase zones. 

Soils 
Ecological 

Risk 
There are no unacceptable ecological risks for any of the Lower Subase zones. 

Sediments 
Human 

Health Risk 
There are no unacceptable human health risks for the residential or industrial/commercial scenarios for any of the Lower Subase zones. 
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for the current land use will be excavated and disposed off-site.  Based on contaminant concentrations in 
Zone 4 surface and subsurface sediment, it was determined that dredging and off-site disposal will 
provide more ecological risk reduction in a cost-effective manner and that LUCs will be required to 
prevent contaminated sediment remaining under the existing quay wall and pier structure from 
recontaminating clean sediment in the dredged area of Zone 4.  It was determined that maintaining the 
current cover of clean sediment over the small area of contaminated sediment present in Outer Pier 1 
through LUCs and monitoring provides sufficient ecological risk reduction and a minor cost savings over 
dredging.  The approach for addressing sediment in Zone 4 and Outer Pier 1 is expected to be the least 
environmentally damaging practicable alternative to protect aquatic habitat resources.  Because 
contamination will be left in place and not allow for unrestricted use, five-year reviews will be required for 
soil in Zones 1, 3, 4, and 7 and sediment in Zone 4 and Outer Pier 1. 

 
Human Health and Ecological Risk Evaluations were conducted using CERCLA risk assessment methods 
and guidance.  The assessments concluded that the dredging, handling and off-site disposal of PCB-
contaminated sediment exceeding the remedy’s PCB RG of 1 miilgram per kilogram (mg/kg), except in 
areas of inaccessible sediments, does not pose an unreasonable risk to public health or the environment 
based on the procedures described in this ROD.  In areas of inaccessible sediment, the establishment of 
LUCs and monitoring of these areas to ensure that the areas remain covered with non-PCB contaminated 
sediment (until such time as it is shown that any potential remaining PCBs do not pose a risk), will not 
pose an unreasonable risk to public health or the environment.  Accordingly, and based on the provisions 
of 40 C.F.R. §761.61(c), EPA has determined that the CERCLA remediation of PCB-contaminated 
sediments within OU4, as called for in this ROD, will not pose an unreasonable risk to public health or the 
environment. 
 

1.6 ROD DATA CERTIFICATION CHECKLIST 

The locations in Section 2.0, Decision Summary, of the information required to be included in the ROD 
are summarized in Table 1-2.  Due to the number of sites included in this ROD, Section 2.1 summarizes 
information applicable to all zones of the Lower Subase, and zone-specific information is summarized in 
Sections 2.2 through 2.8.  Additional information can be found in the Administrative Record file for NSB-
NLON. 
  



NSB – New London OU4, Lower Subase – Zones 1 through 7 
 Sites 10, 11, 13, 17, 19, 21, 22, 24, and 25 ROD 

 7 August 2012 

 

TABLE 1-2.  ROD DATA CERTIFICATION CHECKLIST 

DATA 
LOCATION IN 

ROD 

Chemicals of concern (COCs) and their respective concentrations 

Zone 1 
Sections 2.2.1 

and 2.2.2 

Zone 3 
Sections 2.4.1 

and 2.4.2 

Zone 4 
Sections 2.5.1 

and 2.5.2 

Zone 7 
Sections 2.8.1 

and 2.8.2 

Baseline risk represented by the COCs 

Zone 1 Section 2.2.2 

Zone 3 Section 2.4.2 

Zone 4 Section 2.5.2 

Zone 7 Section 2.8.2 

Cleanup levels established for COCs and the basis for these levels 

Zone 1 Section 2.2.3 

Zone 3 Section 2.4.3 

Zone 4 Section 2.5.3 

Zone 7 Section 2.8.3 

How source materials constituting principal threats are addressed Section 2.9 

Current and reasonably anticipated future land use assumptions and current and potential 
future beneficial uses of groundwater used in the risk assessment 

Section 2.1.6 

Potential land and groundwater uses that will be available at the site as a 
result of the Selected Remedies 

Zone 1 Section 2.2.6.3 

Zone 3 Section 2.4.6.3 

Zone 4 
Sections 

2.5.6.1.3 and 
2.5.6.2.3 

Zone 7 Section 2.8.6.3 

Estimated capital, operating and maintenance (O&M), and total net present worth (NPW) costs; 
discount rate; and number of years over which the remedy costs are projected 

Appendix C 

Key factors that led to the selection of the remedies 

Zone 1 Section 2.2.6.1 

Zone 3 Section 2.4.6.1 

Zone 4 
Sections 

2.5.6.1.1 and 
2.5.6.2.1 

Zone 7 Section 2.8.6.1 

 
If contamination posing an unacceptable risk to human health or the environment is discovered after 
execution of this ROD and is shown to be a result of Navy activities, the Navy will undertake the 
necessary actions to ensure continued protection of human health and the environment under the terms 
of the Federal Facility Agreement (FFA) for the CERCLA Sites among the Navy, EPA, and the State and 
in compliance with CERCLA. 
 

1.7 AUTHORIZING SIGNATURES 

The signatures provided on the following pages validate the selection of the final remedies for soil, 
sediment, surface water, and groundwater at OU4, including Sites 10, 11, 13, 17, 19, 21, 22, 24, and 25, 
by the Navy and EPA.  CTDEEP concurs with the Selected Remedies. 
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2.0 DECISION SUMMARY 

 
Section 2.1 includes general information on the Lower Subase as a whole and information applicable to 
all zones.  Zone-specific information for each of the seven zones is summarized in Sections 2.2 through 
2.8 in order of zone number.   
 

2.1 LOWER SUBASE  

2.1.1 Site Name, Location, and Brief Description 

NSB-NLON, EPA ID number CTD980906515, is located in southeastern Connecticut in the towns of 
Ledyard and Groton and is situated on the eastern bank of the Thames River, approximately 6 miles 
north of Long Island Sound.  It is bordered to the east by Connecticut Route 12, to the south by Crystal 
Lake Road, and to the west by the Thames River.  NSB-NLON currently provides base command for 
naval submarine activities in the Atlantic Ocean.  It also provides housing for Navy personnel and their 
families and supports submarine training facilities, military offices, medical facilities, and facilities for 
submarine maintenance, repair, and overhaul. 
 
The Lower Subase contains approximately 33 acres of land on the eastern bank of the Thames River that 
extends from just south of Pier 2 to just north of Pier 33 (Figure 1-1).  The Lower Subase is bordered on 
the west by the Thames River and on the east by the Providence and Worcester Railroad.  A quay 
(retaining) wall runs along the Thames River for the entire length of the Lower Subase.  The Lower 
Subase contains piers and berths for submarine docking; facilities for submarine maintenance, repair, 
and overhaul; and administrative buildings.   
 
The Lower Subase consists of seven zones that include a total of nine Installation Restoration (IR) 
Program sites.  The seven zones are in a highly developed portion of the Lower Subase, with 90 to 100 
percent of the surfaces of each zone covered with pavement or buildings.  The Lower Subase is in the 
southern portion of the Thames River watershed, and the land surfaces in most of the zones slope toward 
the Thames River.  There are no surface water features other than catch basins and storm sewers that 
discharge to the Thames River.  Descriptions of the seven zones are provided in the zone-specific 
sections below.  
 
NSB-NLON is an active facility, and environmental investigations and remediation at the base are funded 
under the IR Program.  The Navy is the lead agency for CERCLA activities at the facility, and EPA and 
CTDEEP are support agencies. 
 

2.1.2 Site History and Enforcement Activities 

Table 2-1 summarizes the site history for each zone of the Lower Subase.   
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TABLE 2-1.  LOWER SUBASE SITE HISTORY 

SITE NAME DESCRIPTION SUMMARY OF ACTIONS 

ZONE 1 

Site 10:  Fuel 

Storage Tanks and 

Tank 54-H 

Five concrete underground storage tanks 

(USTs) placed into service during World 

War II.  Three were used to store diesel fuel, 

and two stored lubrication and hydraulic oils.  

A sixth tank (54-H) was used as a 

reclamation tank for the others.   

 Tanks E, F, G, and 54-H were decommissioned in 1987.  Tanks K and L were 

decommissioned in 1989, and the shells were used to provide secondary containment 

for newly installed steel tanks. 

Site 11:  Power 

Plant Oil Tanks 

Tanks A, B, C, and D USTs had been in 

place since World War II and used to store 

No. 6 fuel oil, diesel oil, and waste from the 

bilge-water oil recovery system. 

 Oil leakage was observed during tank cleaning.  Tanks A, B, C, and D were repaired and 

used as containment structures for three 150,000-gallon steel USTs.   

 Two of the steel tanks were abandoned in 2011.   

Tank J Tank J held waste oil.  Removed in 1943. 

Building 89 UST 

(located north of 

Site 11) 

Building 89 UST (UST Z01) was installed in 

1982 and used to store No. 2 fuel oil.   

 The tank failed testing in 1993 and was drained of its contents.  In early 1994, the tank 

and associated piping were excavated and removed from the site.  

Subsurface oil 

distribution, steam, 

condensate, and 

electrical lines 

Prior to their abandonment in 1996, 

subsurface fuel oil distribution lines ran 

throughout Zone 1.  Other utilities currently 

run throughout Zone 1.  

 In 1996, the Navy replaced a section of pipe that failed pressure testing (near Pier 12).  

All other portions of the oil distribution system passed pressure tests and were 

subsequently abandoned in place.   

 The steam, condensate, and electrical lines may have acted as conduits to transport 

contaminants.  

ZONE 2 

Subsurface oil 

distribution, steam, 

condensate, and 

electrical lines 

Prior to their abandonment in 1996, 

subsurface fuel oil distribution lines ran 

throughout Zone 2.  Other utilities currently 

run throughout Zone 2.   

 Leak testing was performed on the lines and valves in the fuel oil distribution system 

within Zone 2 in 1996; all portions of the distribution system within Zone 2 passed the 

leak testing.  The lines were subsequently abandoned in place.   

 The steam, condensate, and electrical lines may have acted as conduits to transport 

chemicals.   

ZONE 3 

Site 17:  Hazardous 

Materials/Solvent 

Storage Area 

(Building 31) 

The Former Battery Overhaul Shop (Former 

Building 31) was constructed in 1917 and 

used as a battery shop until the mid-1950s 

and was also the main hazardous/ 

flammable materials warehouse from the 

1970s to late 1990s.  Materials stored 

 In 1995, a time-critical removal action was completed at Building 31 to cleanup soil with 

concentrations greater than 500 mg/kg of total lead and/or 5.0 millgram per liter (mg/L) 

Toxicity Characteristic Leaching Procedure (TCLP) extract lead through excavation and 

on-site solidification (mixing with a stabilizing agent to prevent leaching of lead from soil 

to groundwater) or excavation and off-site disposal.  Approximately 970 cubic yards (cy) 

of lead-contaminated soil beneath Building 31 were excavated, treated through 
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TABLE 2-1.  LOWER SUBASE SITE HISTORY 

SITE NAME DESCRIPTION SUMMARY OF ACTIONS 

included acids, ketones, and hydroxides.   solidification, and replaced.  Approximately 500 cy of lead-contaminated soil outside 

Building 31 were excavated and disposed of off-site.  

 Building 31 was demolished in 2001, and Building 78, located adjacent to Building 31, 

was demolished in 2005.  The Building 31 foundation was left in place to act as a cap 

over lead-contaminated soil.   A parking lot was constructed in the area formerly 

occupied by Buildings 31 and 78. 

Subsurface oil 

distribution, steam, 

condensate, and 

electrical lines 

Prior to their abandonment in 1996, 

subsurface fuel oil distribution lines ran 

throughout Zone 3.  Other utilities currently 

run throughout Zone 3.   

 Leak testing was performed on the lines and valves in the fuel oil distribution system 

within Zone 3 in 1996; all portions of the distribution system within Zone 3 passed the 

leak testing.  The lines were subsequently abandoned in place.   

 The steam, condensate, and electrical lines may have acted as conduits to transport 

contaminants.   

ZONE 4 and Outer Pier 1 

Site 13: Building 79 

- Waste Oil Pit 

Site included a rail spur to allow servicing of 

diesel engines inside Building 79 in the 

1940s through the 1950s.  Service area 

included a pit in the northwestern corner of 

the building into which waste oil and 

solvents were reportedly drained. 

 The waste oil pit is no longer in use and has been filled with concrete. 

 Building 79 is slated to be demolished, and the area will be subsequently paved and 

used for parking.  The plan is to leave the foundation of Building 79 in place. 

Site 19: Former 

Solvent Storage 

Area (Building 316) 

Equipment cleaning solvents were stored at 

former Building 316 until approximately 10 

years ago.   

 The roof and doors of Building 316 were demolished, leaving only the side walls.   

Quay Wall Study 

Area 

A wooden platform and quay wall were 

constructed in 1940 in this zone.  Petroleum 

was identified in soil above the platform in 

1994. 

 A two-phase removal action was completed to address petroleum contamination.  The 

stormwater pipe leading to the outfall was abandoned and plugged in December 1994.  

Free-product recovery wells were installed in December 1994, and 18,300 gallons of 

oily waste water were recovered. 

Subsurface oil 

distribution, steam, 

condensate, and 

electrical lines 

Prior to their abandonment in 1996, 

subsurface fuel oil distribution lines ran 

throughout Zone 4.  Other utilities currently 

run throughout Zone 4.   

 In 1996, the Navy replaced valves in the subsurface oil distribution lines that failed 
tightness tests.  The remainder of the distribution system in Zone 4 passed the tests, 
and all lines were abandoned in place. 

 The steam, condensate, and electrical lines may have acted as conduits to transport 
contaminants. 

Former Marine 

Railway at 

Inner/Outer Pier 1 

Ship maintenance activities occurred from 

1930 to 1960 at the former marine railway at 

former Pier 1 that may have released 

metals, PAHs, and PCBs to sediment in the 

 Former Pier 1 was divided into two subareas (Inner and Outer) based on contaminant 
distribution. Phase 1 of a non-time-critical removal action was completed in March 2010 
that removed the majority of the contaminated sediment in Inner and Outer Pier 1 
through mechanical dredging (long-reach excavator and clam shell).   

 The contaminated sediment in Inner Pier 1 that was unable to be removed during 
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TABLE 2-1.  LOWER SUBASE SITE HISTORY 

SITE NAME DESCRIPTION SUMMARY OF ACTIONS 

Thames River at former Pier 1.   Phase 1 of the removal action by mechanical dredging was subsequently removed in 
spring 2012 during Phase 2 of the removal action using hydraulic dredging.  

 A small area of contaminated sediment in Outer Pier 1 was not included in the non-
time-critical removal action.  This area was evaluated in the Lower Subase FS and FS 
Addendum.     

ZONE 5 

Site 22: Pier 33 and 

Building 175 

Site includes Pier 33, Building 175, and 

approximately 400 linear feet (lf) of adjacent 

riverfront property.  Building 175 was 

originally used to house several above-

ground battery acid storage tanks.  Transfer 

lines from the battery acid storage tanks 

extended in trenches to the piers. 

 

A 1,000-gallon UST was located adjacent to 

the southern side of Building 175.  Soil 

around the fill pipe was stained, and 

concentrations of petroleum-related 

compounds in soil exceeded federal and 

state criteria.  A 250-gallon diesel fuel UST 

was also located adjacent to the building.   

 The above-ground storage tanks and associated transfer piping were removed, and the 
USTs were removed and replaced with above-ground storage tanks. 

ZONE 6 

Site 24: Central 

Paint Accumulation 

Area (Building 174) 

Building 174 was used as the primary 

storage facility for paints used in boat 

maintenance.   

 

 In 1982, Building 174 was refitted to allow boat anchor sandblasting and other paint 
activities. 

ZONE 7 

Site 21 (Berth 16) Includes Berth 16 and Buildings 106, 157, 

173, 456, and 478.  Berth 16 formerly 

included a UST containing diesel fuel, 

transformers that once contained PCB-

based oils, and underground diesel fuel 

lines.   

 PCB transformers were replaced with non-PCB transformers.  Secondary containment 
was constructed around the vault. 

 All underground diesel distribution lines have been abandoned.  The method of 
abandonment is unknown.  

Site 25: Classified Former Classified Materials Incinerator,  The incinerator was demolished in 1979, and Buildings 456 and 478 were constructed 
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TABLE 2-1.  LOWER SUBASE SITE HISTORY 

SITE NAME DESCRIPTION SUMMARY OF ACTIONS 

Materials 
Incinerator 

located within former Building 97.  Between 

1944 and 1963, the incinerator was used to 

burn classified materials and other non-

salvageable wastes generated at the 

Subase.  Residual ash was disposed of in 

the Goss Cove Landfill.  Adjacent to the 

incinerator was a dumpster cleaning 

operation.   

in the areas previously used for the dumpster cleaning operation and incinerator, 
respectively. 
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A table provided as Appendix D provides brief summaries of previous investigations at the Lower Subase.  
Results of these investigations indicated that elevated concentrations of PAHs and metals were present 
in soil at Zones 1, 3, 4, and 7 and that elevated concentrations of PAHs, pesticides, PCBs, and metals 
were present in sediment in Zone 4 and Outer Pier 1 at the Lower Subase.   
 
On August 30, 1990, NSB-NLON was placed on the National Priorities List by EPA pursuant to CERCLA 
of 1980 and SARA of 1986.  The National Priorities List is a list of uncontrolled or abandoned hazardous 
waste sites identified by EPA as requiring priority remedial actions.  The Navy, EPA, and State of 
Connecticut signed the FFA for NSB-NLON in 1995 (EPA, 1995) to ensure that environmental impacts 
associated with past and present activities at NSB-NLON are thoroughly investigated and that the 
appropriate remedial action is pursued to protect human health and the environment.  In addition, the FFA 
establishes a procedural framework and timetable for developing, implementing, and monitoring 
appropriate responses at NSB-NLON, in accordance with CERCLA (and SARA amendment of 1986, 
Public Law 99-499), 42 USC §9620(e)(1); NCP, 40 CFR 300; the Resource Conservation and Recovery 
Act, 42 USC §6901 et seq., as amended by the Hazardous and Solid Waste Amendment of 1984, 
Executive Order (EO) 12580; and applicable state laws.  There have been no cited violations under 
federal or state environmental law or any past or pending enforcement actions pertaining to the cleanup 
of the Lower Subase.  
 

2.1.3 Community Participation 

The Navy has been conducting community involvement activities for the IR Program at NSB-NLON since 
the program began.  From 1988 to November 1994, Technical Review Committee meetings were held on 
a regular basis.  In 1994, a Restoration Advisory Board (RAB) was established to increase public 
participation in the IR Program process.  Many community involvement activities for NSB-NLON involve 
the RAB, which historically met quarterly and recently has met at least annually on an as-needed 
basis.  The RAB provides a forum for discussion and exchange of information on environmental 
restoration activities among the Navy, regulatory agencies, and the community, and it provides an 
opportunity for individual community members to review the progress and participate in the decision-
making process for various IR Program sites, including the Lower Subase sites. 
 
The following community involvement activities are conducted at NSB-NLON as part of the March 2011 
Community Involvement Plan: 
 
Information Repositories:  The Public Libraries in Groton and Ledyard are the designated information 
repositories for the NSB-NLON IR Program.  All pertinent reports, fact sheets, and other documents are 
available at these repositories.  Access to the Administrative Record files as well as other IR Program 
information is also available electronically on the Navy’s public website at: 
https://portal.navfac.navy.mil/portal/page/portal/navfac.  To access the Subase public website after 
entering the Navy portal, the following steps must be taken:  select the “Environmental” tab on the left 
side under Business Lines; select the “Environmental Restoration” tab; after the map appears, click on 
the image and select “Connecticut” from the drop down menu; and select “New London” from the drop 
down and the website will appear.  
 
Key Contact Persons:  The Navy has designated information contacts related to NSB-NLON.  Materials 
distributed to the public, including any fact sheets and press releases, will indicate these contacts.  The 
Public Affairs Officer will maintain the site mailing list to ensure that all interested individuals receive 
pertinent information on the cleanup.  The contact information for the Public Affairs Office is listed below. 
 

Public Affairs Officer 

Naval Submarine Base – New London 

Box 44 

Groton, CT 06349 

Tel: (860) 694-5980 

E-mail: paosubasenlon@navy.mil 

 

 

https://portal.navfac.navy.mil/portal/page/portal/navfac
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A notice of availability of the Proposed Plan for the Lower Subase (Navy, 2012) was published on April 4 
and 5, 2012, in The New London Day newspaper and on April 4 and 10, 2012, in the Norwich Bulletin 
newspaper.  The Proposed Plan and other documents related to these sites are available to the public in 
the NSB-NLON Information Repositories located at the Groton Public Library in Groton, Connecticut, and 
the Bill Library in Ledyard, Connecticut, and from the Navy’s public website 
https://portal.navfac.navy.mil/portal/page/portal/navfac.  The notice also announced the start of the 
30-day comment period that ended on May 4, 2012.   
 
The Proposed Plan notice of availability invited the public to attend a public meeting at the Best Western 
Olympic Inn on Route 12 in Groton, Connecticut, on April 12, 2012, from 6:30 pm to 7:00 pm.  During the 
public meeting, the proposed remedies were presented and the Navy solicited oral and written comments 
from attendees.  Personnel from the Navy, EPA, and CTDEEP were available to answer questions from 
the attendees during the informal portion of the meeting; however, the public did not ask questions or 
offer any formal comments.  The transcript for the public meeting is provided in Appendix E.  No 
questions or formal comments were received during the public comment period, as documented in the 
Responsiveness Summary in Section 3.0.  
 

2.1.4 Scope and Role of Operable Unit 

Sites 10, 11, 13, 17, 19, 21, 22, 24, and 25 are part of a comprehensive environmental investigation and 
cleanup program currently being performed at NSB-NLON under CERCLA authority pursuant to the FFA 
dated January 11, 1995.  IR Program cleanup activities are being performed under CERCLA, and 23 IR 
Program sites within 12 OUs have been identified at NSB-NLON.  Soil, groundwater, sediment, and 
surface water at Sites 10, 11, 13, 17, 19, 21, 22, 24, and 25 are classified as OU4 and are included in this 
ROD.  No Further Action (NFA) Decision Documents have been signed for soil in Sites 1 (OU1), 3 [New 
Source Area soil, OU3], 4 (OU10), 14 (OU8), 15 (OU6), 16 (OU11), and 18 (OU11) and for sediment and 
surface water in Site 8 (OU5).  Remedies selected for the following sites have been documented in 
separate RODs: soil at Site 2A (OU1), soil and groundwater at Site 6 (OU2), soil and sediment at Site 3 
(OU3), soil and groundwater at Site 8 (OU5), soil at Site 7 (OU8), soil and sediment at Site 20 (OU7), 
groundwater at Sites 2A, 2B, 3, 7, 9, 14, 15, 18, 20, and 23 (OU9), and sediment at Site 2B (OU12).  The 
Site Management Plan for NSB-NLON further details the schedule for IR Program activities and is 
updated regularly.  OU4 is the last remaining OU for which a remedy has not been selected.  However, 
soil at Sites 9 and 23, which has not been defined as an OU to date, is still being evaluated to determine 
whether further investigation under CERCLA will be required. 
 
Investigations at the Lower Subase indicated the presence of soil contamination that poses unacceptable 
risk to current human receptors in Zones 3, 4, and 7 and future human receptors in Zones 1, 3, 4, and 7, 
and sediment contamination that poses unacceptable risk to current and future ecological receptors 
(sediment invertebrates and piscivorous birds) in Zone 4 and Outer Pier 1.  Time-critical and non-time 
critical removal actions were completed in Zone 3 (Site 13), Zone 4 (Site 17), and former Pier 1 (Inner and 
Outer areas), but no other previous actions have been taken in response to the contamination at the 
Lower Subase.  Potential exposure to OU4 media and the associated risks are being managed by the 
Navy's Environmental Division until final remedies are selected and implemented.  The remedies 
documented in this ROD will achieve the Remedial Action Objectives (RAOs) for the Lower Subase, as 
listed in Section 2.1.8 and in the RAO section for each zone.  Implementation of these remedies will allow 
continued use of the Lower Subase as an industrial facility, which is consistent with current and 
reasonably anticipated future use and the overall cleanup strategy for NSB-NLON, which is to clean up 
the Lower Subase to achieve compliance with CERCLA.  Compliance with CERCLA includes achieving 
ARARs identified in Appendix B of this ROD. 
 

2.1.5 Site Characteristics – Lower Subase 

2.1.5.1 Physical Characteristics 

The soils of the Lower Subase are classified as Urban Land and are underlain by 5 to 20 feet of sand and 
gravel backfill overlying natural deposits of sand or silt.  Bedrock is estimated to be approximately 70 feet 

https://portal.navfac.navy.mil/portal/page/portal/navfac
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bgs in Zones 1 through 4, 6 to 12 feet bgs along the Thames River in Zone 5, 40 feet bgs in Zone 6, and 
50 feet bgs in Zone 7.  The depth to groundwater increases from west to east across the Lower Subase.  
Depths to groundwater commonly range from approximately 4 to 6 feet bgs; however, depth to 
groundwater in the easternmost part of some zones can be up to 27 feet bgs.  Groundwater flow is 
generally west toward the Thames River at low tide; however, in some zones, a groundwater flow reversal 
occurs during high tide, and flow is to the east.  Site characteristics for each zone are discussed in the 
zone-specific discussions below.    
 
The Thames River adjacent to the Lower Subase is owned by the State of Connecticut, but access to this 
portion of the river is controlled by the Navy. The Lower Subase borders the Thames River for 
approximately 1.5 miles (Figure 2-1).  The Thames River is a tidally influenced stratified estuary with 
fresher water on the surface and denser saline water on the bottom.  Seasonal mixing occurs in the 
spring.  The width of the Thames River at the Lower Subase ranges from 1,300 to 3,000 feet.  Depths in 
the dredged channel that runs north to south in the Thames River are approximately 40 feet, and the 
width of the channel is approximately 600 to 900 feet at the Lower Subase.  Outside the channel, depths 
are relatively shallow (2 to 10 feet).  Major sources of water to the Thames River are the Yantic and 
Shetucket Rivers and tidal exchange, and minor sources of water include wastewater treatment facilities, 
combined stormwater system overflows, industrial discharges, and several small streams.  
 

2.1.5.2 Conceptual Site Model 

Conceptual site models (CSMs) for each zone of the Lower Subase, that identify contaminant sources, 
contaminant release mechanisms, transport routes, and receptors under current and future land use 
scenarios, were developed and are presented in the zone-specific sections below.  The five primary 
sources of contamination to Lower Subase soil and sediment were: (1) battery maintenance and overhaul 
activities, (2) leaks of petroleum products from USTs and fuel distribution lines, (3) vehicle and locomotive 
maintenance operations and associated waste disposal practices, (4) disposal of ash from the classified 
materials incinerator, and (5) ship and submarine maintenance activities (e.g., sandblasting and painting) 
at the former marine railway.   
 
Potential receptors under current land use are adult recreational users exposed to surface water, 
shellfish, and finfish, full-time employees exposed to surface soil and groundwater, and construction 
workers exposed to surface/subsurface soil and groundwater.  Potential receptors under future land use 
are adult recreational users exposed to surface water, shellfish, and finfish and full-time employees, 
construction workers, and hypothetical adult and child residents exposed to surface/subsurface soil and 
groundwater.  CTDEEP has classified groundwater beneath the Lower Subase as within a GB-classified 
area (a non-drinking water source area) (CTDEP, 1996), which indicates that the area has been used for 
long-term intense industrial or commercial development and that a public water supply service is 
available.  Water beneath the Lower Subase is not currently used for domestic, commercial, or industrial 
purposes, and it is not anticipated that the water will be used for these purposes in the future; therefore, 
consumption of groundwater was not evaluated as an exposure pathway for either current or future 
receptors.  No complete exposure pathways exist for human receptors for sediment because of the depth 
(ranging from 16 to 40 feet) of the Thames River adjacent to the Lower Subase.  Although human 
consumption of shellfish and finfish was evaluated as an exposure pathway, other factors, including the 
significant depth of the river adjacent to NSB-NLON, CTDEEP’s existing ban on recreational shellfish 
harvesting from the Thames River near the Lower Subase, and the physical boundaries installed by the 
Navy to prevent public access, minimize human exposure to surface water, shellfish, and finfish.  The 
land surface of the Lower Subase contains a substantial amount of paved area and very little maintained 
lawn; therefore, it does not provide suitable ecological habitat.  Ecological receptors in the Thames River 
adjacent to the Lower Subase, the only potential ecological habitat, are limited to benthic invertebrates, 
fish and other aquatic organisms, and piscivorous birds.   
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FIGURE 2-1.  THAMES RIVER AT NEW LONDON 
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2.1.5.3 Nature and Extent and Fate and Transport of Contamination 

This section summarizes information applicable to all zones of the Lower Subase.  Nature and extent 
information that is specific to each zone is summarized in the applicable sections below.  PAHs and 
metals were identified as COCs in soil in the Lower Subase, and PCBs, pesticides, PAHs, and metals 
were identified as COCs for sediment in the Lower Subase.  No COCs were identified for groundwater or 
surface water.  TPH, a non-CERCLA contaminant, was detected in soil in the Lower Subase, but TPH will 
be addressed under CTDEEP’s RSRs, except where commingled with lead.  Leaking USTs and fuel 
distribution pipelines and maintenance/industrial activities performed at the Lower Subase resulted in the 
release of PAHs and metals to the underlying soil and adjacent Thames River.  Historical stormwater 
management practices, spills, and other activities on the river may have also resulted in the migration of 
contaminants to Thames River sediment.   
 
No CERCLA chemicals were present in Lower Subase groundwater at concentrations above regulatory 
criteria.  TPH, a non-CERCLA contaminant, was detected in groundwater in the Lower Subase, but TPH 
will be addressed under CTDEEP’s RSRs.  If the existing building foundations and asphalt pavement 
were damaged or removed, the chemical concentrations in soil are great enough that leaching from soil to 
groundwater could occur; however, the foundations and pavement currently present over most of the 
Lower Subase have prevented CERCLA chemicals from leaching from soil to groundwater.   
 
Based on water samples collected during the Phase II Remedial Investigation (RI)  (Brown & Root 
Environmental, 1997), and Lower Subase RI (Tetra Tech, 1999), surface water quality adjacent to the 
Lower Subase appears to be similar to water quality upstream and downstream of the Lower Subase.  
Chemicals were detected in native shellfish samples and mussels; however, the results were generally 
inconclusive in establishing a link with chemicals detected at the Lower Subase.  PAHs were detected in 
one blue mussel sample located adjacent to the Lower Subase and may be indicative of impacts from the 
Lower Subase.  A majority of the native shellfish samples were collected from the commercial shellfish 
beds located across the Thames River in the area of Mamacoke Island and somewhat upstream (north) 
of the Lower Subase.   
 
Sediment samples collected in the Thames River adjacent to Zones 1 through 7 of the Lower Subase 
during the RI conducted by Tetra Tech (1999) indicated that Zones 1, 2, 3, 5, and 6 do not contain 
sediment with chemicals above regulatory criteria and that further investigation of sediment in these 
zones was not necessary.  The RI concluded that sediment in Outer Pier 1, Zone 4, and Zone 7 was 
above regulatory criteria and that further sediment sampling was necessary in these zones.  More 
sediment samples were collected in Outer Pier 1, Zone 4, and Zone 7 during the Thames River Validation 
Study (Battelle, 2008), which determined that sediment in these areas poses unacceptable ecological 
risks.  Zone 4/Outer Pier 1 and Zone 7 sediment nature and extent are discussed in detail in the Zone 
4/Outer Pier 1 and Zone 7 sections of this ROD.   
 
PAHs, PCBs, pesticides, and metals may have been released from the sites by a variety of mechanisms 
including stormwater runoff and associated erosion of surface soil.  Because most of the study area is 
currently paved, surface soil erosion is expected to be minimal, but may have been a historic contaminant 
transport mechanism.  PAHs, PCBs, pesticides, and metal are much more likely to remain bound to 
particulate matter and be transported by erosion than go into solution.  PAHs (with the exception of 
naphthalene) are only slightly volatile and have very low aqueous solubilities and are not likely to migrate 
to groundwater.  PAHs can be degraded by anaerobic bacteria but may be relatively persistent in the 
environment in the absence of microbial populations.  PCBs are considered very persistent in the 
environment and only the lighter compounds are measurably biodegraded.  Metals are generally not very 
mobile in the environment, but the physical or chemical properties of a particular metal and the pH, redox 
potential, and cation exchange capacity of soil can affect the mobility of metals.  Metals are highly 
persistent in the environment and do not degrade.  Pesticides are not very mobile in the environment and 
tend to remain affixed to soil/sediment particles.   
 
After erosion of soil particles with bound PAHs, PCBs, pesticides, and/or metals into the Thames River 
has occurred, fate and transport is governed by various physical and chemical processes related to 
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surface water conditions and flow in the river.  Because these contaminants generally remain bound to 
particulate matter, they tend to migrate as suspended particles in water.  Processes such as advection, 
dispersion, diffusion, and settling/resuspension of sediment are typical physical processes.  The Thames 
River is tidally influenced, and tidal dispersion also affects contaminant transport.  Tidal dispersion 
encompasses mixing attributable to the temporal variation of tidal velocity, lateral and vertical velocity 
gradients, and density differences.   
 
Figures that show the vertical and horizontal extent of contamination are included in zone-specific 
discussions, when applicable.  Three-dimensional kriging, a statistical method, was used to estimate the 
vertical (to approximately 15 feet bgs) and horizontal extent of PAHs and lead (and commingled TPH in 
Zone 4 only) in Zones 1, 2, 3, 4, and 7 soil.  The results of the samples collected at discrete locations 
within a given zone were used to statistically estimate concentrations across the entire zone.   
 
Concentrations of multiple carcinogenic PAHs were represented by one concentration, called a 
benzo(a)pyrene (BaP) equivalent (EQ) concentration.  Because carcinogenic PAHs are generally found 
as mixtures in contaminated media and have a common toxicity mechanism but display different toxic 
potencies, a toxicity equivalent factor (TEF) approach was used to convert individual PAH concentrations 
into a single concentration of the index chemical, BaP.  TEFs based on the potency of each carcinogenic 
PAH relative to that of BaP are presented in USEPAs Provisional Guidance for Quantitative Risk 
Assessment for Polycyclic Aromatic Hydrocarbons (1993).  The TEFs were used to convert individual 
carcinogenic PAH concentrations into an equivalent concentration of BaP and then equivalent 
concentrations were summed to generate the total BaPEQ concentrations for each sample.   
 

2.1.6 Current and Potential Future Site and Resources Use 

NSB-NLON is currently an active Navy base and is expected to remain so for the foreseeable future.  
Adjacent to the northern, southern, and eastern boundaries of NSB-NLON, land uses include residential, 
commercial, recreational, and open space.  Currently, the Lower Subase is used strictly for industrial 
purposes; there is no current recreational use in the Lower Subase, and future residential use is not 
anticipated.  Because the Lower Subase is an active industrial area, construction activities are 
anticipated.  
 
CTDEEP has classified groundwater beneath the Lower Subase as within a GB-classified area (a non-
drinking water source area) (CTDEP, 1996), which indicates that the area has been used for long-term 
intense industrial or commercial development and that a public water supply service is available.  Such 
groundwater may not be suitable for human consumption without treatment because of waste discharges, 
spills, or leaks of chemicals or land use impacts.  Water beneath the Lower Subase is not currently used 
for domestic, commercial, or industrial purposes, and it is not anticipated that the water will be used for 
these purposes in the future.  The Groton Water Department supplies potable water to NSB-NLON.  The 
primary sources of the Groton water supply are surface water reservoirs, which are supplemented with 
wells.  The water supplies are located within the Poquonock River Watershed, 3 miles east of NSB-NLON 
and not within NSB-NLON’s watershed (the Thames River).  Groundwater and surface water at NSB-
NLON flow toward the Thames River.    
 
CTDEEP has classified Thames River water quality as SC/SB, which designates the water for marine 
fish, shellfish, and wildlife habitat, certain aquaculture operations, recreational uses, and industrial and 
other legitimate uses.  The classification indicates that the waters presently are not meeting water quality 
criteria or are not supporting one or more designated uses as a result of point or non-point sources of 
pollution (CTDEP, 2002).  The Thames River Estuary segment that includes NSB-NLON is listed by 
Connecticut as not fully supporting shellfishing and only partially supporting primary contact recreation 
because of pathogens.  Most of the Thames River is closed to recreational shellfishing due to 
contamination by fecal coliform bacteria (Citak, 1991).  Shellfish beds in a few areas of the Thames River 
are open to commercial shellfishing on a conditionally restricted basis.  Connecticut lists sources that may 
contribute to this impairment as marinas, waterfowl, urban runoff/storm sewers, industrial point source 
discharges, municipal point source discharges, and sanitary sewer overflows (collection system failures). 
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Based on the New London County Flood Insurance Rate Map Number 09011C0364G (effective date July 
18, 2011), the 100-year flood elevation for the Thames River at NSB-NLON is 12 feet in areas close to 
the river and are impacted by wave action and 10 feet in areas further away from the river and not 
impacted by wave action.  These elevations are based on the North American Vertical Datum (NAVD) of 
1988.  A majority of the ground surface elevations within the Lower Subase are less than 10 feet; 
therefore, a majority of the OU4 zones/sites are within the 100-year floodplain of the Thames River. 
 

2.1.7 Summary of Site Risks 

A baseline risk assessment estimates what risks a site poses if no action was taken.  It provides the basis 
for taking action and identifies the contaminants and exposure pathways that need to be addressed by 
the remedial action.  Separate baseline risk assessments are typically completed to evaluate risks to 
human and ecological receptors, respectively.  Human health risks were evaluated in the following 
documents: Phase I RI (Atlantic, 1992), Phase II RI (Brown & Root Environmental, 1997), Lower Subase 
RI (Tetra Tech, 1999), FS for OU 4, Lower Subase (Tetra Tech, 2010), and Lower Subase (OU 4) Soil 
and Groundwater Pre-Design Investigation (PDI) Completion Report and FS Addendum (Tetra Tech, 
2012).  Ecological risks were evaluated in the following documents: Phase II RI (Brown & Root 
Environmental, 1997), Lower Subase RI (Tetra Tech, 1999), Thames River Validation Study Workplan 
(Battelle, 2004), Thames River Validation Study Report (Battelle, 2008).   
 

2.1.7.1 Summary of Human Health Risk 

Several human health risk assessments (HHRAs) have been performed for the Lower Subase and the 
Thames River adjacent to the Lower Subase.  A baseline HHRA for Thames River surface water, 
shellfish, and finfish was completed in the Lower Subase RI (Tetra Tech, 1999) and the most recent 
baseline HHRA for Lower Subase soil and groundwater was completed for the FS Addendum (Tetra 
Tech, 2012) to estimate the probability and magnitude of potential adverse human health effects from 
exposure to chemicals associated with the Lower Subase.  The HHRA completed in the Lower Subase RI 
for surface water, shellfish, and finfish indicated no unacceptable human health risks from exposure to 
surface water or consumption of shellfish and finfish.  Human health risks from exposure to surface water 
and consumption of shellfish and finfish were not re-evaluated in later documents.  Results of the 1999 
HHRA are included in the 1999 RI (Tetra Tech, 1999).    
 
The major components of an HHRA include data evaluation, exposure assessment, toxicity assessment, 
risk characterization, and uncertainty analysis.  Data evaluation is a task that uses a variety of information 
to determine which of the chemicals detected in site media are most likely to present a risk to potential 
receptors.  The end result of the evaluation is a list of contaminants of potential concern (COPCs) and 
representative exposure point concentrations (EPCs) for each medium.  During the exposure 
assessment, potential human exposure pathways are identified at the source areas under consideration.  
Chemical-specific toxicity criteria for the identified COPCs are identified during the toxicity assessment 
and are used in the quantification of potential human health risks.  Risk characterization involves 
quantifying the risks associated with exposure to the COPCs using algorithms established by EPA.  Risks 
from chemicals are calculated for both carcinogenic and non-carcinogenic effects. The uncertainty 
analysis identifies limitations in the risk assessment that might affect the final risk results.  The final result 
of the risk assessment is the identification of medium-specific COCs and exposure pathways that need to 
be addressed by a remedial action.  For each zone, tables summarizing data used in the HHRA and 
associated risk assessment results are presented in Appendix F. 
 

Identification of COPCs 

In general, all available validated data collected during investigations conducted from 1990 through 2010 
were used to identify soil and groundwater COPCs for the Lower Subase.  Both federal and CTDEEP 
criteria were used for COPC selection.  Federal criteria include Maximum Contaminant Levels (MCLs), 
Oak Ridge National Laboratory Regional Screening Levels, and EPA soil screening levels for inhalation 
(soil to air).  CTDEEP criteria include values for direct exposure, pollutant mobility, groundwater 
protection, and surface water protection. 
 



NSB – New London OU4, Lower Subase – Zones 1 through 7 
 Sites 10, 11, 13, 17, 19, 21, 22, 24, and 25 ROD 

 22 August 2012 

EPCs for the COPCs identified at Zones 1 through 7 of the Lower Subase in soil and groundwater are 
presented in each of the zone-specific summary of risks sections.  EPCs are the concentrations used in 
the risk assessment to estimate exposure and risk from each COPC.  For each COPC, information in the 
tables presented in Appendix F includes the EPC and how the EPC was derived.  In accordance with 
EPA’s Pro-UCL guidance, and based on the statistical distributions of the data, maximum detected 
concentrations or 95-percent upper confidence limits on the mean (UCLs) (calculated using various 
statistical methods) were used as the EPCs for Zones 1 through 7 of Lower Subase COPCs. 
 

Exposure Assessment 

During the exposure assessment, current and potential future exposure pathways through which humans 
might come into contact with the COPCs identified in the previous step were evaluated, and the results of 
the exposure assessment for Zones 1 through 7 of the Lower Subase were used to refine the CSM for 
each zone.  Potential receptors under current land use were adult recreational users, full-time employees, 
and construction workers; potential receptors under future land use were adult recreational users, full-
time employees, construction workers, and hypothetical adult and child residents.  Because the Lower 
Subase is used strictly for industrial purposes, future residential land use is not anticipated; however, it 
was evaluated in the HHRA for decision-making purposes.  All receptors except current full-time 
employees (evaluated for surface soil only) were evaluated for direct contact exposures with surface and 
subsurface soil.  Full-time employees and hypothetical residents were not assumed to come into contact 
with groundwater at the Lower Subase because saline conditions near the river would preclude domestic 
use of shallow groundwater.  Full-time employees and hypothetical residents were evaluated for exposure 
to chemicals that have migrated from groundwater through building foundations and into indoor air (vapor 
intrusion).  Also, direct contact exposure to groundwater was evaluated for construction workers who 
might contact groundwater during excavation activities.  Current and future exposure pathways at Zones 
1 through 7 of the Lower Subase are summarized in Table 2-2. 
 
 

TABLE 2-2.  RECEPTORS AND EXPOSURE ROUTES  

RECEPTOR EXPOSURE ROUTE 

Adult Recreational Users – current and 
future land use 

Ingestion of shellfish and finfish 

Direct contact and ingestion of surface water 

Full-Time Employee - current land use Soil dermal contact (surface) 

Soil ingestion (surface) 

Inhalation of air/dust/emissions (surface soil)  

Vapor intrusion (volatilization from groundwater) 

Full-Time Employee - future land use Soil dermal contact (surface and subsurface soil) 

Soil ingestion (surface and subsurface soil) 

Inhalation of air/dust/emissions (surface and subsurface soil) 

Vapor intrusion (volatilization from groundwater) 

Construction Worker - current and future 
land use 

Soil dermal contact (surface and subsurface) 

Soil ingestion (surface and subsurface) 

Inhalation of air/dust/emissions (surface and subsurface soil) 

Groundwater (dermal contact) 

Groundwater (inhalation in a trench) 

Adult and Child Resident - hypothetical 
future land use 

Soil dermal contact (surface and subsurface) 

Soil ingestion (surface and subsurface) 

Inhalation of air/dust/emissions (surface and subsurface soil) 

Vapor intrusion (volatilization from groundwater) 
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Toxicity Assessment 

Toxicity assessment involves identifying the types of adverse health effects caused by exposure to site 
COPCs and determining the relationship between the magnitude of exposure and the severity of adverse 
effects (i.e., dose-response relationship) for each COPC.  Quantitative toxicity values [oral cancer slope 
factors (CSFs)], oral reference doses (reference doses [RfDs], cancer inhalation unit risks, and non-
cancer inhalation reference concentrations) determined during this component of the risk assessment 
were integrated with outputs of the exposure assessment to characterize the potential for adverse health 
effects for each receptor group. 
 
Carcinogenic risk information relevant to Lower Subase COPCs for oral/dermal and inhalation exposure 
are presented in each of the zone-specific summary of risks sections.  At this time, CSFs and RfDs are 
not available for the dermal route of exposure; therefore, dermal slope factors were extrapolated from oral 
values.  An adjustment factor is sometimes applied to extrapolate a dermal value from an oral value 
depending on how well the chemical is absorbed via the oral route.  The only chemical that required an 
adjustment factor was hexavalent chromium (0.025). 
 
Non-carcinogenic hazard information relevant to Lower Subase COPCs for oral/dermal and inhalation 
routes of exposure, respectively, are presented in each of the zone-specific summary of risks sections.  
As was the case for carcinogenic data, dermal RfDs can be extrapolated from oral RfDs by applying an 
adjustment factor as appropriate.  Several metals required adjustment factors ranging from 0.007 to 0.15. 
 

Risk Characterization 

During the risk characterization, the outputs of the exposure and toxicity assessments are combined to 
characterize the baseline risk (cancer risks and non-cancer hazards) at the site if no action was taken to 
address the contamination.  Potential cancer risks and non-cancer hazards were calculated based on 
reasonable maximum exposure (RME) and central tendency exposure (CTE) assumptions.  The RME 
scenario assumes the maximum level of human exposure that could reasonably be expected to occur, 
and the CTE scenario assumes a median or average level of human exposure.   
 
For carcinogens, risks are generally expressed as the incremental probability of an individual developing 
cancer over a lifetime as a result of exposure to the carcinogen.  Excess lifetime cancer risk is calculated 
from the following equation: 
 

Risk = chronic daily intake (CDI) x CSF 
 
where: Risk = a unitless probability (e.g., 2 x 10

-5
) of an individual developing cancer 

 CDI = chronic daily intake averaged over 70 years (in mg/kg-day) 
 CSF = slope factor (in mg/kg-day

-1
) 

 
RME cancer risk estimates for the significant receptors and routes of exposure developed by taking into 
account various conservative assumptions about the frequency and duration of exposure for each 
receptor and also about the toxicity of the COPCs are presented in each of the zone-specific summary of 
risks sections.  EPA’s acceptable cancer risk range is between 1 x 10

-4 
and 1 x 10

-6
.  

 
The potential for non-carcinogenic effects is evaluated by comparing an exposure level over a specified 
time period (e.g., a lifetime) to an RfD derived for a similar exposure period.  An RfD represents a level to 
which an individual may be exposed that is not expected to cause any deleterious effect.  The ratio of 
exposure to toxicity is called a hazard quotient (HQ).  An HQ of 1 or less indicates that the dose of a 
single contaminant is unlikely to result in toxic non-carcinogenic effects from that chemical.  The hazard 
index (HI) is generated by adding the HQs for all chemicals that affect the same target organ (e.g., liver) 
or that act through the same mechanism of action within a medium or across all media to which a given 
individual may be reasonably exposed.  An HI less than 1 indicates that, based on the sum of all HQs 
from different contaminants and exposure routes, toxic non-carcinogenic effects from all contaminants are 
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unlikely.  An HI greater than 1 indicates that site-related exposures may present a risk to human health.  
The HQ is calculated as follows: 
 

Non-cancer HQ = CDI / RfD 
 
where: HQ = hazard quotient 

CDI = chronic daily intake 
 RfD = reference dose 
 
CDIs and RFDs are expressed in the same units and represent the same exposure period (i.e., chronic, 
sub-chronic, or short-term). 
 
RME non-cancer HQs for each receptor and route of exposure and total HIs for all routes of exposure are 
presented in each of the zone-specific summary of risks sections.  EPA’s acceptable non-cancer risk level 
is an HI less than or equal to 1.   
  
No major sources of uncertainty, other than those typically associated with risk assessment estimates, 
were identified for the Lower Subase HHRA.   
 

2.1.7.2 Summary of Ecological Risk 

Several ecological risk assessments (ERAs) have been performed in the Thames River near NSB-NLON 
following EPA and Navy Guidance (EPA 1997 and 1998 and Navy, 1999).  The EPA ERA guidance 
consists of an eight-step process.  The first two steps in the process include screening chemicals to select 
COPCs, and determining whether the risk assessment process can stop, or needs to be continued to 
Step 3. These two steps comprise what is termed the screening level ERA.  Steps 3 through 7 comprise 
what is termed the baseline ERA (BERA).  Site-specific studies (i.e., toxicity tests) typically are conducted 
as part of these steps to determine with more certainty whether the COPCs are impacting ecological 
receptors at the site, and the data can often be used to develop site-specific preliminary remedial goals 
(PRGs).  Step 8, Risk Management, is the responsibility of the remedial project manager, who must 
balance risk reductions associated with cleanup of contaminants with potential impacts of the remedial 
actions themselves. 
 
The Thames River, located on the Lower Subase’s western border, provides aquatic habitat that supports 
a variety of receptors such as benthic invertebrates, fish and other aquatic organisms, and piscivorous 
birds.  Receptors and exposure pathways evaluated in the ERA conducted as part of the Phase II RI 
(Brown & Root Environmental, 1997) included the following: benthic invertebrates exposed via direct 
contact with contaminated surface water and sediment and ingestion of contaminated sediment, fish and 
other aquatic organisms exposed via direct contact with surface water and ingestion of contaminated 
prey, and piscivorous birds exposed via ingestion of contaminated prey.  The Phase II RI concluded that 
benthic invertebrates were the only receptor of concern (Brown & Root Environmental, 1997).  
 
The ERA for benthic invertebrates exposed to sediment in the Thames River adjacent to NSB-NLON was 
updated as part of the Lower Subase RI (Tetra Tech, 1999).  Potential risks to benthic invertebrates 
resulting from exposure to chemicals were initially evaluated by comparing chemical concentrations to 
ecological screening levels.  The ERA also included a refinement of the conservative exposure 
assumptions/concentrations to re-evaluate potential risks to ecological receptors.  Several chemicals 
were initially selected as COPCs because they were detected at concentrations that exceeded their 
respective screening levels.  However, during the refinement, it was determined that the primary risk 
drivers were PAHs and metals.  The 1999 ERA concluded that of the seven zones investigated for 
potential contamination from site-related activities, two of the zones (Zones 4 and 7) were identified for 
potentially unacceptable risk to benthic invertebrates exposed to the sediment.   
 
A screening-level ERA (SERA) performed with data from the RI and additional data collected during a 
subsequent Pier 1 Marine Railway Investigation and Rapid Sediment Characterization Pilot Study 
indicated potential risk to benthic invertebrates and piscivorous birds exposed to sediment in Outer Pier 1 
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and Zones 4 and 7 (Battelle, 2004).  Piscivorous birds were included as an assessment endpoint for the 
SERA because of the potential for some of the chemicals to bioaccumulate in fish tissue and because fish 
tissue samples were collected.  The SERA estimated potentially unacceptable risks to benthic 
invertebrates (similar to the previous ERA) and to piscivorous birds from incidental sediment ingestion 
and consumption of contaminated food items (aquatic prey).  Risks to piscivorous birds from exposure to 
COPCs in sediment were determined using food-chain models to estimate CDIs and comparing the CDIs 
to toxicity reference values representing acceptable daily doses in mg/kg-day.  The assessment indicated 
that sediment in Zone 4, Zone 7, and Outer Pier 1 contained levels of metals, PAHs, pesticides, and 
PCBs that posed potentially unacceptable risks to benthic organisms and that sediment concentrations of 
several metals posed potential risks to piscivorous birds. 
 
As part of the Thames River Validation Study, a BERA was performed for Zone 4, Zone 7, and Outer Pier 
1.  COPCs from the SERA were carried forward for evaluation in the BERA.  Exposure pathways 
evaluated in the BERA included direct contact and sediment ingestion by benthic invertebrates and 
incidental sediment ingestion and consumption of contaminated food items (aquatic prey) by piscivorous 
birds.   
 
Potential risks to benthic invertebrates resulting from exposure to site-related chemicals were evaluated 
by conducting toxicity testing, which involved sending samples of surface sediment from Zone 4 and 
Zone 7 to a laboratory where a known number of benthic invertebrates were added to the sediment.  The 
amphipod Leptocheirus plumulosus was used as the surrogate for all benthic invertebrates due to its 
tolerance of saline conditions such as those present in the Thames River.  After the tests were 
completed, the invertebrates that survived were counted and weighed to evaluate whether the samples 
were toxic to those invertebrates.  The chemical data were evaluated to determine which chemicals (and 
their associated concentrations) could be correlated to amphipod survival, growth, and reproduction so 
that no-observed-effects concentrations (NOECs) and lowest-observed-effects concentrations (LOECs) 
could be developed.  
 
Potential risks to piscivorous birds were evaluated through a food-chain model using the double-crested 
cormorant as a surrogate for all piscivorous birds.  The double-crested cormorant is considered a 
conservative surrogate because it dives for its prey and is able to capture bottom-feeding fish that are in 
direct contact with contaminated sediment and have a greater potential for accumulating chemical 
contaminants in their tissues compared to fish that spend less time associated with sediment.  For the 
food-chain model, it was assumed that the cormorant’s diet was comprised entirely of fish.  Upper-trophic-
level mammals were not evaluated in the BERA because access to the waterfront is severely restricted, 
which prevents access by terrestrial and semi-aquatic mammals, and suitable habitat for use by marine 
mammals is not available. 
 
Results of the BERA for risks to ecological receptors including benthic invertebrates and upper-trophic-
level piscivorous birds are presented in each of the zone-specific summary of risks sections. 
 
The base for action for zones with CERCLA risks is discussed in the separate zone-specific sections.  
See Sections  2.2.2.3, 2.4.2.3, 2.5.2.3, and 2.8.2.3 for zone-specific basis for action discussions.  
 

2.1.8 Remedial Action Objective and Preliminary Remedial Goal Development 

RAOs are medium-specific goals that define the objective of conducting remedial actions to protect 
human health and the environment.  RAOs specify the COCs, potential exposure routes and receptors, 
and acceptable concentrations (i.e., PRGs) for a site and provide a general description of what the 
cleanup will accomplish.  The RAOs and remedial alternatives for the Lower Subase are described in the 
zone-specific sections.  The RAOs considered both current and future land use at NSB-NLON.  
 
Human health COCs were selected in the FS and FS Addendum.  The detailed PRG selection process is 
included in the FS Addendum and is summarized in the following paragraphs.  The ecological COC 
selection process was completed during the Thames Validation Study and is described in Section 2.5.3   
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To achieve the RAOs, PRGs were developed for the human health COCs identified in the FS and FS 
Addendum.  Two types of COCs were selected, when applicable: direct exposure COCs, which pose a 
direct exposure risk to humans, and pollutant mobility COCs, which pose a soil-to-groundwater migration 
concern.  Direct exposure COCs were selected considering both residential and I/C exposure scenarios.  
Pollutant mobility COCs are typically based on the groundwater classification at a site and do not differ 
based on land use; however, for the purposes of determining site-specific pollutant mobility COCs and 
PRGs, separate Alternative GB PMC were calculated for residential and I/C site use.  Because 
groundwater at the Lower Subase is classified as GB, CTDEEP RSRs require that only chemical 
concentrations in soil above the mean high water table be compared to pollutant mobility standards. 
 
To determine residential direct exposure PRGs and COCs, soil data from the ground surface to 15 feet 
bgs were evaluated.  To determine direct exposure PRGs and COCs for I/C site use, soil data from 0 to 2 
feet bgs beneath paved areas and soil data from 0 to 4 feet bgs beneath unpaved areas were evaluated.  
To determine site-specific pollutant mobility PRGs for residential and I/C sites use, soil data above the 
mean high water table were evaluated; however, to calculate pollutant mobility PRGs under residential 
use, it was assumed that during hypothetical future development, most of the site would be covered with 
grass and landscaping, and to calculate pollutant mobility PRGs for I/C site use, it was assumed that 
impermeable pavement would be maintained on site.  Soil beneath buildings was considered 
environmentally isolated and was not subject to CTDEEP RSR PMC compliance.  Human health PRGs 
developed in the FS Addendum became the RGs in this ROD.  The COCs identified for the Lower 
Subase and the COC-specific PRGs are summarized in the zone-specific sections. 
 
The direct exposure PRGs for residential and I/C site use were chosen by selecting the greater of the 
CTDEEP RSR, cumulative cancer risk of 1 x 10

-6
 (used as a conservative starting point) or HI of 1.  All 

direct exposure PRGs meet EPA requirements for cumulative cancer risk of less than or equal to 1 x 10
-4

 
and a cumulative HI per organ less than or equal to 1.  After the PRGs were determined, direct exposure 
COCs for residential and I/C site use (except lead) were selected by comparing 95-percent UCL 
concentrations to the applicable PRGs.  If the 95-percent UCL was greater than the PRG, then the 
chemical was selected as a COC.  In addition, as required by CTDEEP regulations, if the concentration in 
any sample exceeded two times the PRG, the chemical was selected as a COC.   
 
Slightly different processes were used to develop direct exposure PRGs for lead.  To calculate human 
health PRGs for lead, the target action level derived using the Adult Lead Model was compared to 
CTDEEP RSR direct exposure criteria (DECs) for residential and I/C site use.  Because the target action 
level developed using the Adult Lead Model for the I/C scenario was greater than the CTDEEP DEC for 
I/C site use, the action level was selected for use as the direct exposure PRG for I/C site use.  The direct 
exposure PRG for residential site use for lead was set at 400 mg/kg, which is the CTDEEP RSR DEC for 
residential site use and the Office of Solid Waste and Emergency Response (OSWER) screening level for 
lead in a residential setting.   
 
Residential and I/C pollutant mobility PRGs were selected by choosing the greater of the CTDEEP RSR 
pollutant mobility PRG and alternative pollutant mobility PRG calculated in accordance with CTDEEP 
RSRs.  After the PRGs were determined, pollutant mobility COCs for residential and I/C site use were 
selected using the following methods identified in the CTDEEP RSRs: (1) If there were at least 20 
samples collected above the water table and the 95-percent UCL of all sample concentrations was 
greater than the selected PRG, or if the concentration of any sample was greater than the direct exposure 
PRG, or if the concentration in any sample exceeded two times the selected pollutant mobility PRG, the 
chemical was selected as a COC, (2) If there were fewer than 20 samples collected above the water table 
and the results for any one sample were greater than the selected pollutant mobility PRG, the chemical 
was selected as a COC.  Mass concentrations of organic chemicals and leachate concentrations 
(Synthetic Precipitation Leaching Procedure [SPLP] and/or TCLP) of inorganic chemicals were used in 
the pollutant mobility COC selection process. 
 
CERCLA risk-based engineering controls, including regular inspection and maintenance of building 
foundations and pavement already covering some areas of contaminated soil, are required when 
concentations of COCs greater than the residential RGs remain. CTDEEP RSRs require the CERCLA 
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risk-based engineering controls to be comprised of a minimum of 3 inches of bituminous concrete or 
concrete, or be an existing building or another existing permanent structure.  Under I/C site use, CTDEEP 
RSRs allow low permeability pavement to be a CTDEEP RSR engineered control. A CTDEEP RSR 
engineered control is required in an area classified as I/C site use when concentrations of COCs are 
greater than the CTDEEP I/C direct expsore RG in the top 2 feet of soil beneath paved areas, and/or 
where COCs are greater than the Alternative GB pollutant mobility RGs for I/C site use in soil above the 
water table. By establishing CTDEEP RSR engineered controls, one type of LUC, the Navy would meet 
the CTDEEP RSRs requirements for managing exceedances of the state’s numeric standards.  
 

2.1.9 General Response Actions 

To address potential unacceptable human health risks associated with soil and potential unacceptable 
ecological risks associated with sediment, a preliminary technology screening evaluation was conducted 
in the FS.  The general response actions (GRA) for soil are presented in Table 2-3, and the GRAs for 
sediment are presented in Table 2-4.  Similar soil and sediment remedial technologies and process 
options were identified for Zones 1 through 7 because physical characteristics of the seven zones are 
similar; therefore, the GRAs presented in these tables apply to all zones.   
 

TABLE 2-3.  SOIL GENERAL RESPONSE ACTIONS   

GENERAL RESPONSE 

ACTION 
TECHNOLOGY PROCESS OPTIONS 

No Action None Not Applicable 

Limited Action 

LUCs 

Institutional Controls 

Engineered Controls (CERCLA Risk-
Based Engineering Controls and CTDEEP 
RSR Engineered Controls) 

Monitoring Sampling and Analysis 

Natural Attenuation Biodegradation, Dilution, Dispersion 

Containment Capping Multimedia Cover  

Removal Bulk Excavation Excavation  

Biological Enhanced Bioremediation 

Physical/Chemical Chemical Stabilization/Solidification 

Ex-Situ Treatment 

Pretreatment Dewatering 

Biological Bioslurry Reactor/Biopile 

Physical/Chemical 
Soil Washing/Solvent Extraction 

Chemical Stabilization/Solidification 

Thermal 

Low-Temperature Thermal Desorption 
(LTTD) 

Incineration 

Disposal Landfill  Off-Site Landfilling 

 

TABLE 2-4.  SEDIMENT GENERAL RESPONSE ACTIONS 

GENERAL RESPONSE 

ACTION 
TECHNOLOGY PROCESS OPTIONS 

No Action None Not Applicable 

Limited Action 

LUCs 
Institutional Controls 

Engineered Controls 

Monitoring Sampling and Analysis 

Natural Recovery Biodegration, Dilution, Dispersion 
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TABLE 2-4.  SEDIMENT GENERAL RESPONSE ACTIONS 

GENERAL RESPONSE 

ACTION 
TECHNOLOGY PROCESS OPTIONS 

Containment Capping Sediment Cover  

Removal Bulk Excavation Dredging 

In-Situ Treatment Enhanced Natural Recovery Thin-Layer Placement 

Ex-Situ Treatment 

Pretreatment Dewatering 

Biological Bioslurry Reactor/Biopile 

Physical/Chemical 
Sediment Washing/Solvent Extraction 

Chemical Stabilization/Solidification 

Thermal 
LTTD 

Incineration 

Disposal Landfill  
Confined Aquatic Disposal (CAD) 

Off-Site Landfilling 

The technologies and process options retained after detailed screening were assembled into alternatives 
that are described in the zone-specific sections.  Consistent with the NCP, the no action alternative was 
evaluated as a baseline for comparison with other alternatives during the comparative analysis for each 
zone for which alternatives were developed.  The zone-specific sections describe the major components 
and provide estimated costs for each remedial alternative identified for the Lower Subase. 
 
Zone-specific information for Zones 1 through 7 of the Lower Subase is provided in Sections 2.2 through 
2.8, respectively.  The comparative analysis for each zone, when applicable, is summarized in the zone-
specific section.   
 

2.2 ZONE 1  

2.2.1 Site Characteristics  

2.2.1.1 Physical Characteristics 

Zone 1 extends from Darter Road, south of Building 89, to the southern side of Corvina Road 
(Figure 2-2).  The Providence and Worcester Railroad runs along the eastern border of the zone, and the 
Thames River forms the western border of the zone.  Approximately 90 to 95 percent of Zone 1 is paved 
or covered with buildings, and the land surface slopes gently toward the Thames River.  The soils of 
Zone 1 are classified as Urban Land.  Based on borings drilled during previous investigations, Zone 1 is 
underlain by 15 to 20 feet of sand and gravel backfill underlain by sand with trace to some gravel in the 
eastern part of the zone and by sand and silt with trace shell fragments in the western part to an unknown 
depth.   Bedrock is estimated to be approximately 70 feet bgs in this area.   
 
The unconfined water table in Zone 1 occurs within the sand and gravel backfill, and depths to the water 
table range from approximately 4 to 10 feet bgs.  Groundwater flow is generally west toward the Thames 
River at low tide; however, during high tide, a groundwater flow reversal occurs and flow is to the east.  A 
groundwater high existed at the northern end of Building 29 when water level measurements were taken 
during the Lower Subase RI, influencing groundwater flow patterns in this zone.  
 
No unique surface water features are located within or adjacent to Zone 1.  All surface runoff from Zone 1 
is collected by catch basins within the zone and directed to the Thames River by storm sewers.  Three 
storm water conveyance system outfalls discharge directly to the Thames River from Zone 1 and the area 
immediately north of Zone 1.   
 
 



NSB – New London OU4, Lower Subase – Zones 1 through 7 
 Sites 10, 11, 13, 17, 19, 21, 22, 24, and 25 ROD 

 29 August 2012 

FIGURE 2-2.  ZONE 1 SITE FEATURES 
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2.2.1.2 Conceptual Site Model 

Figure 2-3 presents the Zone 1 CSM.  Suspected contaminant sources in Zone 1 include USTs and the 
associated former subsurface fuel oil distribution lines.  The steam, condensate, and electrical lines may 
have acted as conduits to transport contaminants.  Potential receptors and exposure pathways are 
discussed in Section 2.1.5.2.  
 

2.2.1.3 Nature and Extent of Contamination 

PAHs, lead, and mercury were detected at elevated concentrations in Zone 1 soil.   Figure 2-4 shows the 
areal extent of PAH concentrations, represented by BaPEQ, in Zone 1 soil from the ground surface to the 
water table, and Figure 2-5 shows the areal extent of PAH concentrations in Zone 1 soil from the ground 
surface to 15 feet bgs.  Two cross sections showing the extent of PAH contamination in Zone 1 are 
shown on Figure 2-6.  Figure 2-7 shows the areal extent of lead concentrations in Zone 1 soil from the 
ground surface to the water table, and Figure 2-8 shows the areal extent of lead concentrations in Zone 1 
soil from the ground surface to 15 feet bgs.  Two cross sections showing lead contamination in Zone 1 
are shown on Figure 2-9.   
 
Leaks of petroleum products from USTs and fuel distribution lines resulted in the release of PAHs to soil 
in Zone 1.  The area of high BaPEQ concentrations (greater than 1,000 µg/kg) extends from east of 
Site 11 to the Thames River in the northern half of Zone 1 (Figures 2-4 and 2-5).  The maximum BaPEQ 
concentration (7,955 µg/kg) in surface soil was detected at Z1PDI-004 (Figure 2-6), and the maximum.  
BaPEQ concentration (27,220 µg/kg) in subsurface soil was at TB2-1RI (Figures 2-6).   
 
As shown on Figures 2-7, 2-8, and 2-9, lead concentrations in Zone 1 surface and subsurface soil were 
low (less than 400 mg/kg).  Lead concentrations detected in Zone 1 surface soil (maximum of 7.7 mg/kg 
at a sample labeled Pipechase) were less than concentrations detected in subsurface soil (maximum of 
383 mg/kg at 13MW4).  Mercury was detected in 3 of 11 subsurface soil samples at a maximum 
concentration of 83.4 mg/kg at TB2-1RI.  
 

Maximum concentrations of PAHs and lead in Zone 1 subsurface soil were above potential pollutant 
mobility regulatory criteria, suggesting that these chemicals may migrate from soil to groundwater and 
result in unacceptable groundwater concentrations.  PAH concentrations that were above potential 
pollutant mobility regulatory criteria depend on the specific PAH detected but range from 2,600 to 40,000 
microgram per kilogram (µg/kg).   
 
Leachate tests using both the TCLP and SPLP were performed on Zone 1 soil samples to evaluate soil 
concentrations to PMC for lead in Zone 1.  Only data from soil samples collected above the water table 
was used to evaluate soil concentrations to PMC.  TCLP lead concentrations were low except for a 
subsurface result of 0.194 mg/L at 13MW20 (Figure 2-2).  The SPLP lead result from nearby subsurface 
sample Z1PDI-009 was low (0.0027 mg/L) (Figure 2-2).  Lead was not detected in two shallow soil 
samples analyzed by SPLP.   
 
Although PAH and lead concentrations in Zone 1 soil were great enough to exceed potential PMC, the 
results of groundwater sampling indicated that these contaminants have not migrated at significant 
concentrations from the soil to groundwater.  Volatile organic compounds (VOCs) and semi-volatile 
organic compounds (SVOCs) were detected infrequently and at trace to low concentrations in Zone 1 
groundwater.  Concentrations of arsenic, copper, and lead in Zone 1 groundwater were similar to New 
London background concentrations. 
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FIGURE 2-3.  ZONE 1 CONCEPTUAL SITE MODEL 
 

 
  



NSB – New London OU4, Lower Subase – Zones 1 through 7 
 Sites 10, 11, 13, 17, 19, 21, 22, 24, and 25 ROD 

 32 August 2012 

 
 
 
 
 
 
 
 
 
 

THIS PAGE INTENTIONALLY LEFT BLANK 



NSB – New London OU4, Lower Subase – Zones 1 through 7 
 Sites 10, 11, 13, 17, 19, 21, 22, 24, and 25 ROD 

 33 August 2012 

FIGURE 2-4.  ZONES 1 THROUGH 4 BAPEQ CONCENTRATIONS, GROUND SURFACE TO 

GROUNDWATER TABLE 
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FIGURE 2-5.  ZONES 1 THROUGH 4 BAPEQ CONCENTRATIONS, GROUND SURFACE TO 15 FEET 

BELOW GROUND SURFACE 
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FIGURE 2-6.  ZONES 1 THROUGH 4 BAPEQ CROSS-SECTIONS 
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FIGURE 2-7.  ZONES 1 THROUGH 4 LEAD CONCENTRATIONS, GROUND SURFACE TO 

GROUNDWATER TABLE 
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FIGURE 2-8.  ZONES 1 THROUGH 4 LEAD CONCENTRATIONS, GROUND SURFACE TO 15 FEET 

BELOW GROUND SURFACE 
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FIGURE 2-9.  ZONES 1 THROUGH 4 LEAD CROSS-SECTIONS 
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2.2.2 Summary of Zone 1 Risks 

The most recent HHRA for Zone 1 surface water, shellfish, and finfish was part of the 1999 RI (Tetra 
Tech, 1999) and the most recent HHRA for Zone 1 soil and groundwater was part of the FS Addendum in 
2012 (Tetra Tech 2012).  The ERA completed for Zone 1 surface water and sediment in the Phase II RI 
(Brown & Root Environmental, 1997) concluded that benthic invertebrates were the only receptor of 
concern.  The ERA was updated for the 1999 RI (Tetra Tech 1999) to further evaluate risks to benthic 
invertebrates exposed to Zone 1 sediment.  
 

2.2.2.1 Summary of Human Health Risks 

Tables summarizing data used in the HHRA and associated results are presented in Appendix F.  Tables 
1 through 3 in Appendix F.1 for Zone 1 present EPCs for the COPCs identified at Zone 1 in surface soil, 
surface/subsurface soil, and groundwater.  Tables 4 and 5 in Appendix F.1 for Zone 1 provide non-
carcinogenic hazard information relevant to the Zone 1 COPCs for oral/dermal and inhalation routes of 
exposure, respectively.  Tables 6 and 7 in Appendix F.1 for Zone 1 provide carcinogenic risk information 
relevant to the Zone 1 COPCs for oral/dermal and inhalation exposure.   
 
Tables 8 through 12 in Appendix F.1 for Zone 1 provide RME cancer risk estimates for the significant 
receptors and routes of exposure developed by taking into account various conservative assumptions 
about the frequency and duration of exposure for each receptor and also about the toxicity of the COPCs.  
Total carcinogenic risk estimates for soil exposure routes were 3 x 10

-6
 for current and future construction 

workers, 5 x 10
-5

 for current full-time employees, 6 x 10
-5

 for future full-time employees, 7 x 10
-4

 for child 
residents, 1 x 10

-4
 for adult residents, and 8 x 10

-4
 for lifetime residents.  Total carcinogenic risk estimates 

for groundwater direct exposure were 8 x 10
-8

 for current and future construction workers.  The risk levels 
for construction workers and current and future full-time employees indicate that if no cleanup action was 
taken, the increased probabilities of developing cancer as a result of site-related exposure would range 
from approximately 8 in 100,000,000 to 6 in 100,000, within EPA’s acceptable risk range.  Estimated risk 
for hypothetical future adult residents equals the upper bound of EPA’s acceptable risk range (1 x 10

-4
), 

and estimated risk for hypothetical future child and lifetime residents exceed EPA’s acceptable risk range 
(7 x 10

-4
 and 8 x 10

-4
, respectively).  The risk levels for hypothetical future child, adult, and lifetime 

residents indicate that if no cleanup action was taken, the increased probabilities of developing cancer as 
a result of site-related exposure would range from approximately 1 in 10,000 to 8 in 10,000, which 
exceeds EPA’s acceptable risk range.  Carcinogenic PAHs in surface/subsurface soil were the major 
contributors to unacceptable cancer risk estimates for hypothetical future child and lifetime residents.  
Arsenic was a minor contributor to unacceptable cancer risk estimates for hypothetical future child and 
lifetime residents; risk associated with arsenic alone (1 x 10

-5
) is within EPA’s acceptable risk range. 

 
Tables 8 through 12 in Appendix F.1 for Zone 1 also provide RME non-cancer HQs for each receptor and 
route of exposure and total HIs for all routes of exposure.  Total HIs for soil exposure routes were 1 for 
construction workers, 0.3 for future full-time employees, 4 for child residents, 0.4 for adult residents.  The 
total HI for groundwater direct exposure for construction workers was 0.04.  A total HI was not calculated 
for current full-time employees because non-carcinogenic COPCs were not identified for this receptor or 
for full-time employees, child residents, or adult residents exposed to groundwater because a 
groundwater exposure pathway was not identified for these receptors.  HIs for construction workers, full-
time employees, and hypothetical adult residents under the RME scenario were less than or equal to 
unity (1).  The HI for hypothetical child residents exposed to surface/subsurface soil exceeded the 
acceptable level of 1; mercury was the major contributor to the elevated HI. 
 
Concentrations of benzene and ethylbenzene in Zone 1 groundwater samples exceeded EPA screening 
levels for migration from groundwater to air and were evaluated for potential risks to hypothetical 
residents using EPA’s Johnson and Ettinger volatilization model (2003b).  The total carcinogenic risk 
estimate for this pathway was 3 x 10

-6
 for lifetime residents.  Total HI for this pathway was 0.01 for lifetime 

residents.  Based on the modeling results, no cancer risks or non-cancer hazards were identified for the 
groundwater to air pathway.  Vapor intrusion modeling results are included as part of Appendix F.  
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Based on the results of the HHRA, no unacceptable risks were identified for I/C receptors, but 
unacceptable cancer risks were identified for hypothetical future child and lifetime residents and 
unacceptable non-cancer hazards were identified for hypothetical future child residents.   
 

2.2.2.2 Summary of Ecological Risks 

As summarized in Section 2.1.7.2, the 1997 Phase II RI and 1999 RI concluded that surface water and 
sediment in Zone 1 do not pose unacceptable risk to ecological receptors.  As previously summarized in 
Section 2.1.5.2, soil is not a medium of concern for ecological receptors. 
 

2.2.2.3 Basis for Action 

Unacceptable risks from PAHs and mercury in soil were estimated for hypothetical future child and 
lifetime residents.  Because unacceptable risks were identified under a future land use scenario for 
human receptors, a response action is necessary to protect human health or the environment from actual 
or threatened releases of hazardous substances into the environment that may present an imminent and 
substantial endangerment.   
 

2.2.3 Remedial Action Objectives 

The RAOs developed for Zone 1 soil considering hypothetical future land use at NSB-NLON are as 
follows: 
 
 Prevent exposure of hypothetical future residents to surface/subsurface soil containing concentrations 

of COCs greater than residential PRGs. 
 
 Prevent migration of surface/subsurface soil COCs to groundwater that would result in concentrations 

greater than PRGs.  
 
 Prevent migration of surface/subsurface soil COCs as a result of erosion and sedimentation.  
 
No complete exposure pathways exist for ecological receptors for soil in Zone 1, and no unacceptable 
risks were identified for ecological receptors for surface water or sediment in Zone 1.  No unacceptable 
risks were identified for human receptors under the current and reasonably anticipated future industrial 
land use scenario.  Unacceptable risks were identified for human receptors under a hypothetical future 
residential land use scenario.  To achieve the RAO, human health cleanup goals were developed for 
each COC.   
 
Direct exposure COCs identified for Zone 1 under the residential scenario are PAHs and mercury, and 
pollutant mobility COCs identified for Zone 1 under the residential scenario are PAHs and lead.  COC-
specific PRGs were developed through the process summarized in Section 2.1.8 and Tables 2-5 and 2-6 
below.  The PRGs developed in the FS Addendum were selected as the COC-specific RGs for soil in 
Zone 1 and are identified in Tables 2-5 and 2-6.  Figure 2-10 displays the total areal extent of soil 
containing concentrations of COCs greater than the direct exposure and pollutant mobility RGs for 
residential site use.  The methodology used to determine this area is detailed in the FS Addendum.   
 
Estimates of the volume of contaminated soil were generated during the FS Addendum after calculation 
of PRGs and selection of COCs.  As required by CTDEEP RSRs, soil to a depth of 15 feet bgs containing 
concentrations of COCs greater than direct exposure RGs and soil to the depth of the mean high water 
table was evaluated in the calculation of the volume of contaminated soil.  Zone 1 does not contain any 
soil with concentrations of COCs that pose unacceptable human health risk under an industrial land use 
scenario.  The volume of contaminated soil that needs to be addressed to eliminate potentially 
unacceptable risk to residential receptors is approximately 27,167 cubic yards (cy).  
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TABLE 2-5.  DEVELOPMENT OF DIRECT EXPOSURE RGS FOR RESIDENTIAL SITE USE FOR ZONE 1 COCS 

 

Number of 

Samples

CT  

Residential 

RSR

Values 

Based on 

Risk 

between 10-6  

and 10-4 

(Resident)(3)

Value Based 

on HI = 1.0 

(Resident)(3)

Benzo(a)anthracene 21 35 9 0.02 NA 1 0.15 - 15 NA 1 CT DEC RSR

Benzo(a)pyrene 17 35 7.8 0.02 NA 1 0.015 - 1.5 NA 1 CT DEC RSR

Benzo(b)fluoranthene 17 35 7.9 0.02 NA 1 0.15 - 15 NA 1 CT DEC RSR

Dibenzo(a,h)anthracene 5.2 35 2.1 0.02 NA 1 0.015 - 1.5 NA 1 CT DEC RSR

Indeno(1,2,3-cd)pyrene 12 35 5.7 0.02 NA 1 0.15 - 15 NA 1 CT DEC RSR

Mercury 83.4 J 11 88 0.04 0.05 20 NA 24 24 HI = 1.0

Cumulative Risk(4)

All concentrations are in milligrams per kilogram (mg/kg).

1

2 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 

3 Risk values based on HHRA for future residents. 

4 Incremental lifetime cancer risk to future residents after remediation. 

J Estimated value 

NA Not applicable 

COCs

Selected RG

Maximum 

Concentration

BasisValue

Surface and Subsurface Soil Potential RGs

Detection Limits  (2) Background 

Concentration

(0 to 15 feet bgs)

95% UCL (1)

95-percent upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated in 

accordance with the methodology used in the HHRA. 

Direct Exposure

1 x 10-4
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TABLE 2-6.  DEVELOPMENT OF POLLUTANT MOBILITY RGS FOR RESIDENTIAL SITE USE FOR ZONE 1 COCS 

 

 

Number of 

Samples

CT PMC RSR 

(GB 

Groundwater)

Alternative GB 

PMC for 

Residential 

Scenario(6)

Benzo(a)anthracene (mg/kg) 21 35 0.02 1 4 4 Alternative PMC

Benzo(a)pyrene (mg/kg) 17 35 0.02 1 6 6 Alternative PMC

Benzo(b)fluoranthene (mg/kg) 17 35 0.02 1 2.6 2.6 Alternative PMC

Benzo(k)f luoranthene (mg/kg) 11 35 0.02 1 6.5 6.5 Alternative PMC

Chrysene (mg/kg) 19 35 0.02 1 6.8 6.8 Alternative PMC

Dibenzo(a,h)anthracene (mg/kg) 5.2 35 0.02 1 5.1 5.1 Alternative PMC

Indeno(1,2,3-cd)pyrene (mg/kg) 12 35 0.02 1 6 6 Alternative PMC

Phenanthrene (mg/kg) 42 35 0.02 40 NA 40 CT RSR PMC

Lead(4) (mg/L) 0.194  17 0.005 0.15 NA 0.15 CT RSR PMC

Lead(5) (mg/L) 0.0027 1 0.005 0.15 NA 0.15 CT RSR PMC

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated.

1

2

3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 

4 Results of SPLP

5 Results of Toxicity Characteristic Leaching Procedure (TCLP) 

6 In areas with GB groundwater, and where no NAPL is present, CTDEEP allows for calculation of site-specific Alternative PMC.  

The Alternative PMC for residential site use was determined assuming no pavement would be present to reduce infiltration.

7 The Alternative PMC was used as the RG when it was greater than the CT RSR PMC. 

When the calculated Alternative PMC value was lower than the CT RSR PMC value, the CT RSR PMC was used as the RG. 

J Estimated value

NA Not applicable 

Soil mass concentrations shown as mg/kg.  Results of Synthetic Leaching Procedure (SPLP) shown in milligrams per liter (mg/L).

95-percent upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were 

calculated in accordance with the methodology used in the HHRA. 

Not Determined 

Maximum 

Concentration

19

5.7

2.1

8.5

0.0027

7.9

Selected RGs

7.8

9

95% UCL (2)

Surface and Subsurface Soil

(0 feet bgs to water table)

Value Basis (7)

4.2

Potential RGs

Pollutant Mobility

Detection 

Limit (3)COCs  Units (1)
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FIGURE 2-10.  ZONE 1 AREA THAT EXCEEDS RGS FOR RESIDENTIAL SITE USE  
 

 
  



NSB – New London OU4, Lower Subase – Zones 1 through 7 
 Sites 10, 11, 13, 17, 19, 21, 22, 24, and 25 ROD 

 46 August 2012 

 

2.2.4 Description of Alternatives 

The preliminary technology screening evaluation conducted in the FS is presented in Table 2-3 in 
Section 2.1.9.  The Zone 1 technologies and process options retained after detailed screening were 
assembled into three soil alternatives.  Consistent with the NCP, the no action alternative was evaluated 
as a baseline for comparison with other alternatives during the comparative analysis.  Table 2-7 describes 
the major components and provides estimated costs for each remedial alternative identified for Zone 1 
soil.  

 

TABLE 2-7.  SUMMARY OF ZONE 1 SOIL REMEDIAL ALTERNATIVES EVALUATED 

ALTERNATIVE COMPONENTS DETAILS COST 

Alternative S-1.1: 

No Action  

No action to address 
contaminated soil and 
no use restrictions 

Five-year reviews  Five-year reviews would be conducted 
because contamination would remain in 
place at levels that do not allow for 
unrestricted use and unlimited exposure. 

Capital: $0 

Every 5 Years: 
$25,000 

30-Year NPW: 
$104,000 

Discount Rate: 
2.3% 

Time Frame: NA 

Alternative S-1.2: 

LUCs (Engineering 
Controls, Institutional 
Controls, and 
Inspections) and 
Monitoring 

Instituting CERCLA 
LUCs, which include 
engineering controls, 
institutional controls, 
inspecting/maintaining 
building foundations and 
pavement, and 
maintaining monitoring 
wells. 

LUCs, including 
engineering and 
institutional 
controls 

An implementable LUC boundary would be 
created to encompass the soil where 
residential RGs were exceeded.  Within the 
65,300 square feet (sf) LUC boundary, 
building foundations and 48,000 sf of 
pavement would be maintained through 
CERCLA risk-based engineering controls 
and institutional controls to meet residential 
RGs.  CERCLA risk-based engineering 
controls, including regular inspection and 
maintenance of building foundations and 
pavement already covering some areas of 
contaminated soil, are required when 
concentrations of COCs greater than the 
residential RGs remain. CTDEEP RSRs 
require the CERCLA risk-based 
engineering controls to be comprised of a 
minimum of 3 inches of bituminous 
concrete or concrete, or be an existing 
building or another existing permanent 
structure.  

Capital: $23,000 

1
st

 and 2
nd

 Year: 
$42,000 

3
rd

 and 4
th

 Year: 
$28,000 

Every 5 Years: 
$46,000 

Annually All Other 
Years: 

$5,000 

30-Year NPW: 
$420,000 

Discount Rate: 
2.3% 

Time Frame
1
: 3 

months
 

Long-term 
monitoring 

Groundwater monitoring for all COCs that 
exceed residential RGs would be quarterly 
for the first 2 years, semi-annually for the 
next 2 years, annually the fifth year, and 
every 5 years thereafter to confirm that the 
remedy remains protective and that 
contaminants are not migrating to 
groundwater.  
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TABLE 2-7.  SUMMARY OF ZONE 1 SOIL REMEDIAL ALTERNATIVES EVALUATED 

ALTERNATIVE COMPONENTS DETAILS COST 

Five-year reviews Five-year reviews would be conducted 
because contamination would remain in 
excess of levels that allow for unrestricted 
use and unlimited exposure.  

 

Alternative S-1.5: 
Excavation to Meet 
Residential PRGs, On-
Site Dewatering, and 
Off-Site Disposal 
Excavation to meet 
residential direct 
exposure PRGs to 15 
feet bgs and pollutant 
mobility PRGs from the 
ground surface to 
groundwater level, de-
watering excavated soil 
on site, and off-site 
disposal of 
contaminated soil.  

Excavation to meet 
residential RGs 

Excavation of approximately 12,600 cy of 
soil over 44,800 sf up to 15 feet bgs with 
COC concentrations exceeding residential 
RGs.  No LUCs or monitoring would be 
required because all contamination 
exceeding residential RGs would be 
removed.  

Capital: $6,157,000 

NPW: $6,157,000 

Time Frame
1
: 4 

months, in addition 
to planning 

On-site dewatering Excavation would extend below the water 
table, beyond an average depth of 7 feet 
bgs.  Wet soil would require gravity-induced 
passive dewatering by on-site stockpiling 
prior to off-site disposal. Drainage water 
would be treated and discharged to the 
Thames River.  

Off-site disposal Excavated material would be sampled to 
determine the proper disposal method.  

1 The estimated time frame listed in Table 2-7 is for the duration of construction activities only.  Additional time 
would be required to prepare the necessary work plan and other administrative documents.   

 

2.2.5 Comparative Analysis of Alternatives 

Table 2-8 and subsequent text in this section summarize the comparison of Zone 1 remedial alternatives 
with respect to the nine CERCLA evaluation criteria outlined in the NCP at 40 CFR 300.430(e)(9)(iii) and 
categorized as threshold, primary balancing, and modifying.  Further information on the detailed 
comparison of remedial alternatives is presented in the FS Addendum. 
 

TABLE 2-8.  SUMMARY OF COMPARATIVE ANALYSIS OF ZONE 1 ALTERNATIVES 

CERCLA CRITERION 
ALTERNATIVE S-1.1: 

NO ACTION 

ALTERNATIVE S-1.2: 
LUCS (ENGINEERING 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, AND 

INSPECTIONS) AND 

MONITORING 

ALTERNATIVE S-1.5: 
EXCAVATION TO MEET 

RESIDENTIAL PRGS, ON-
SITE DEWATERING, AND 

OFF-SITE DISPOSAL  

Overall Protection of Human Health 
and the Environment  ● ● 
Compliance with Applicable or 
Relevant and Appropriate 
Requirements 

 ● ● 
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TABLE 2-8.  SUMMARY OF COMPARATIVE ANALYSIS OF ZONE 1 ALTERNATIVES 

CERCLA CRITERION 
ALTERNATIVE S-1.1: 

NO ACTION 

ALTERNATIVE S-1.2: 
LUCS (ENGINEERING 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, AND 

INSPECTIONS) AND 

MONITORING 

ALTERNATIVE S-1.5: 
EXCAVATION TO MEET 

RESIDENTIAL PRGS, ON-
SITE DEWATERING, AND 

OFF-SITE DISPOSAL  

Long-Term Effectiveness and 
Permanence  ● ● 

Reduction of Toxicity, Mobility, and 
Volume through Treatment   

Only treatment of water 
from the dewatering 
process. 

Short-Term Effectiveness  ● ● 

Implementability ● ● ● 

Total Cost 
(Net Present Worth) 

$104,000 $420,000 $6,157,000 

State Acceptance NA ● ● 

Community Acceptance NA ● ● 
 - Meets the criterion.    - Does not meet the criterion.    NA - Not applicable. 

 

Threshold Criteria 

Overall Protection of Human Health and the Environment.  Alternative S-1.1 would not be protective 
of human health or the environment because no action would be conducted to address site risks.   
 
Alternatives S-1.2 and S-1.5 would be protective of human health and the environment.  Alternative S-1.2 
relies on engineering and institutional controls to prevent exposure to contamination, and under S-1.5, 
soil causing a residential human health risk would be permanently removed from Zone 1.   
 
Compliance with ARARs.  ARARs include any federal or state standards, requirements, criteria, or 
limitations determined to be legally applicable or relevant and appropriate to the site or remedial action.  
Alternatives S-1.2 and S-1.5 would comply with all chemical-, location-, and action-specific ARARs as 
long as water generated through the dewatering process in S-1.5 is adequately treated prior to disposal in 
the Thames River and excavated soil is tested and disposed of properly. Both Alternatives S-1.2 and 
S-1.5 use the same RGs that have been selected by the Navy and EPA and would not pose an 
unreasonable risk of injury to health or the environment. 
 

Primary Balancing Criteria 

Long-Term Effectiveness and Permanence.  Alternative S-1.1 would have no long-term effectiveness 
or permanence because no contaminant removal or contact restrictions would occur.  Alternative S-1.5 
would provide more long-term effectiveness and permanence than Alternative S-1.2 because 
contaminated soil would be completely removed from Zone 1.  Alternative S-1.2 would require engineered 
and institutional controls to be an effective and permanent remedy in the long term.  LUCs implemented 
under Alternative S-1.2 would prevent site development for other uses that could result in unacceptable 
exposure for future site users to site contamination, and long-term monitoring and O&M, along with five-
year reviews under Alternative S-1.2 would ensure the adequacy of the LUC remedy to protect human 
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receptors and underlying groundwater from contamination left in place.  Five-year reviews for Alternative 
S-1.2 would ensure that LUCs remained protective by preventing residential exposure to remaining 
contaminants throughout Zone 1.  
 
Reduction in Toxicity, Mobility, or Volume Through Treatment.  None of the alternatives would use 
treatment to reduce the toxicity, mobility, or volume of COCs, except the treatment of water that would be 
generated from the dewatering process under Alternative S-1.5. 
   
Short-Term Effectiveness.  A factor in determining short-term effectiveness is the time until remedial 
response objectives are achieved.  Because Alternative S-1.1 would never meet the RAOs, this 
alternatives does not meet the criterion of short-term effectiveness.  Alternative S-1.2 would provide the 
most short-term effectiveness because implementation of LUCs would not expose remedial construction 
site workers or the community to contaminated soil and could be implemented in approximately 3 months.  
Implementation of Alternative S-1.5 would expose site workers to contaminated soil and physical risks 
during soil excavation and dewatering.  However, the physical risk associated with these potential 
exposures under Alternative S-1.5 could be effectively controlled by using personal protection equipment, 
complying with proper site-specific health and safety procedures, and using proper best management 
practices to prevent the migration of contamination through erosion during monitoring and construction 
activities.  Alternative S-1.5 would have an approximate construction duration of 5 months.   
 
Implementability.  Alternative S-1.2 would be readily implementable. Technical, engineering, and 
institutional controls for developing and initiating five-year reviews are readily available.  Alternative S-1.5 
would be considered the most difficult to implement because this alternative would require sheet piles for 
excavation support, a dewatering system, water treatment and disposal system, and utility relocation.  
Alternative S-1.2 would be less difficult to implement than Alternative S-1.5 because this alternative would 
require only LUCs (engineering and institutional controls), long-term monitoring, and five-year reviews. 
The establishment of LUCs for Alternative S-1.2 would be easily implementable.  
 
Cost.  The estimated present-worth cost is greatest for Alternative S-1.5 at $6,157,000, and lowest for 
Alternative S-1.1 at $104,000.  Alternative S-1.2 has an estimated present-worth cost of $420,000. 
 

Modifying Criteria 

State Acceptance.  State involvement has been solicited throughout the CERCLA process.  CTDEEP, as 
the designated support agency in Connecticut, concurs with the Selected Remedy (Appendix A). 
 
Community Acceptance.  No written questions were received during the formal public comment period 
for the Proposed Plan. No questions were raised at the public meeting on April 12, 2012, and no 
objections to the proposed alternative were voiced, as documented in Section 3.0. 
 

2.2.6 Selected Remedy 

2.2.6.1 Rationale for Selected Remedy 

The Selected Remedy for Zone 1 is Alternative S-1.2, LUCs (engineering controls, institutional controls, 
and inspections) and monitoring, which was selected because it provides the best balance of tradeoffs 
with respect to the nine evaluation criteria.  The remedy will meet the RAOs by preventing exposure to 
contaminated soil causing potentially unacceptable human risk through the implementation of LUCs.     
 
The principal factors in the selection of this remedy included the following: 
 
 Building foundations and pavement that already cover most of Zone 1 and act as CERCLA risk-based 

engineering controls to prevent exposure to contaminated soil will be maintained under this 
alternative to ensure continued protection.   
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 Implementation will reduce unacceptable risk to hypothetical future human receptors in a relatively 
short time frame (estimated implementation period of 3 months) compared to excavation (estimated 
construction period of 5 months).  

 
 The remedy is consistent with the reasonably anticipated future non-residential use of the site. 
 
 The remedy is protective and much less costly than excavation ($420,000 compared to $6,157,000). 
 
 The remedy achieves the lowest level of short-term risk (no remedial construction site workers will be 

exposed) when compared to excavation.   
 

2.2.6.2 Description of Selected Remedy 

The Selected Remedy includes three major components: (1) LUCs, including CERCLA risk-based 
engineering controls, institutional controls, and inspections, (2) long-term monitoring, and (3) five-year 
reviews.  
 
An implementable LUC boundary will be created to encompass the 44,800 sf of soil to a depth of up to 
15 feet bgs where residential RGs were exceeded (Figure 2-11).  The implementable LUC boundary is 
approximately 65,300 sf.  Within this area, building foundations and approximately 48,000 sf of pavement 
will be maintained through CERCLA risk-based engineering controls and institutional controls to meet 
residential RGs.  LUCs are required because contaminants in Zone 1 soil are at concentrations that could 
result in unacceptable risks to residential receptors if land use is not controlled or restricted.  The Navy 
will establish the LUCs for this remedy in a post-ROD LUC Remedial Design (RD) that will set out the 
specific actions needed to implement, operate, maintain, and enforce the LUC component of the remedy, 
which will include restricting residential land use, restricting disturbance of contaminated soil, and 
maintaining a protective cover layer to provide CERCLA risk-based engineering controls. The LUC RD 
will specify how enforceable LUCs will be maintained both during Navy control of the site and in the event 
the property is transferred from Navy control.  CERCLA risk-based engineering controls to be specified in 
the LUC RD will include maintaining the existing building foundations and approximately 48,000 sf of 
pavement that already cover inaccessible and/or environmentally isolated soil; however, no areas will be 
maintained as CTDEEP RSR engineered controls.  The controls on residential use of Zone 1 will be 
maintained until the concentrations of contaminants in soil are equal to or less than levels that allow for 
unrestricted use and unlimited exposure.  After LUCs are established in the LUC RD, they will be 
enforced by requiring future workers at NSB-NLON to first coordinate with the installation's IR Program 
Manager, who will advise the work proponent of the LUCs imposed, if any, at the proposed work location.  
Should the property ever be transferred out of federal control to private ownership, the deed given to the 
property recipient will contain restrictions, consistent with state law, necessary to continue implementation 
of required LUCs.  As mandated by CERCLA, the Navy retains ultimate responsibility for ensuring all 
aspects of the remedy are met.  The draft LUC RD will be developed within 90 days of ROD signature.    
 
Although concentrations of chemicals in groundwater do not currently pose a concern, a groundwater 
monitoring program will be developed and implemented to confirm that the remedy remains protective 
and that contaminants in soil are not migrating to groundwater.  For costing purposes, the FS Addendum 
assumed that four groundwater samples will be regularly collected from wells installed in strategic 
locations to be identified in the monitoring plan and that the collected samples will be analyzed for all 
COCs that exceed residential RGs and that the monitoring frequency would be quarterly for the first 
2 years, semi-annually for the next 2 years, and annually the fifth year and every 5 years thereafter. The 
actual monitoring program implemented will be developed as part of the RD.  Monitoring of compliance 
with LUCs will occur at least annually.  The monitoring will confirm that regular maintenance of building 
foundations is being performed.   
 
Reviews will be performed every 5 years to evaluate site status, assess the continued adequacy of 
remedial activities, and determine whether further action is necessary. Five-year reviews are required 
because the soil that remains at the site presents an unacceptable residential risk. 
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FIGURE 2-11.  ZONE 1 SELECTED REMEDY 
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2.2.6.3 Expected Outcomes of Selected Remedy 

The current use of the site for industrial purposes, which will be supported by the Selected Remedy, is 
expected to continue at Zone 1, and there are no other planned land uses in the foreseeable future.  
However, if proposed land use changes in the future and uses other than as an industrial site are 
expected, other remedial approaches may be required.  Groundwater at the site is not used and is not 
expected to be used in the future, and the Selected Remedy will have no impact on current or future 
groundwater uses available at the site.  There are no socio-economic, community revitalization, or 
economic impacts or benefits associated with implementation of the Selected Remedy.  It is estimated 
that the RAOs for Zone 1 will be achieved within approximately 3 months.  Table 2-9 describes how the 
Selected Remedy mitigates risk and achieves the RAOs for Zone 1. 
 

2.2.7 Statutory Determinations 

In accordance with the NCP, the Zone 1 Selected Remedy meets the following statutory determinations: 
 
 Protection of Human Health and the Environment – LUCs (CERCLA risk-based engineering 

controls, institutional controls, and inspections) will be implemented to achieve RGs. The Selected 
Remedy will prevent future human health risks to residential receptors from exposure to contaminated 
soil and prevent contaminants from migrating from soil to groundwater.   

 
 Compliance with ARARs – The Selected Remedy will attain all identified federal and state ARARs, 

as presented in Appendix B.   
 
 Cost-Effectiveness – The Selected Remedy represents the most reasonable value for the money by 

providing the greatest degree of protection at the lowest cost.  Detailed costs for the Selected 
Remedy are presented in Appendix C. 

 
 Utilization of Permanent Solutions and Alternative Treatment Technologies or Resource 

Recovery Technologies to the Maximum Extent Practicable – The Selected Remedy represents 
the maximum extent to which permanent solutions and alternative treatment technologies can be 
used in a practical manner at Zone 1.  Based on the type and volume of contamination, in-situ 
treatment alternatives were screened out during the technology screening phase of the FS.  LUCs 
(CERCLA risk-based engineering controls and institutional controls) and monitoring provides the best 
balance of tradeoffs for long-term effectiveness and permanence with ease of implementation for 
reasonable cost. 

 
 Preference for Treatment as a Principal Element – Treatment is not a principal element of the 

Selected Remedy for soil in Zone 1 because there are no principal threat wastes in Zone 1, and LUCs 
(engineering and institutional controls) and monitoring provide the best balance of tradeoffs with 
respect to long-term effectiveness and permanence at a reasonable cost.  

 
 Five-Year Review Requirement – Five-year reviews will be conducted because contamination will 

remain in excess of levels that allow for unrestricted use and unlimited exposure. 
 

2.3 ZONE 2  

2.3.1 Site Characteristics 

2.3.1.1 Physical Characteristics 

Zone 2 extends from the southern boundary of Zone 1 along Corvina Road south to Capelin Road, except 
along the western edge where it ends at the southern end of Building 20 (Figure 2-12).  The Providence 
and Worcester Railroad borders the eastern edge of Zone 2, and the Thames River forms the western 
border of Zone 2.  The ground surface of Zone 2 slopes gently to the Thames River, and approximately 
90 to 95 percent of the surface is paved or covered with buildings.  The soils of Zone 2 are classified as 
Urban Land, and the surficial geology is classified as artificial fill.  Based on borings, Zone 2 is underlain 
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TABLE 2-9.  HOW THE  ZONE 1 SELECTED REMEDY MITIGATES RISK AND ACHIEVES THE RAOS 

RISK RAOS COMMENTS 

Unacceptable 
human health 
risks to residential 
users from direct 
exposure to 
contaminated soil  

Prevent exposure of hypothetical future 
residents to surface/subsurface soil 
containing concentrations of COCs 
greater than residential RGs. 

 

LUCs will prevent residential site use and thus 
prevent exposure to soil containing contaminants 
at concentrations that pose a residential human 
health risk.   

Unacceptable 
human health 
risks from soil-to-
groundwater 
pollutant mobility.  

Prevent migration of 
surface/subsurface soil COCs to 
groundwater that would result in 
concentrations greater than RGs.  

 

CERCLA risk-based engineering controls 
(pavement and building foundations) will prevent 
migration of contaminants from soil to 
groundwater.  

Unacceptable 
human health 
risks to I/C users 
from direct 
exposure to 
contaminated soil. 

Prevent migration of 
surface/subsurface soil COCs as a 
result of erosion and sedimentation. 

 

CERCLA risk-based engineering controls 
(pavement and building foundations) will prevent 
erosion and sedimentation of soil containing 
COCs. 

Potential 
ecological risks 
from soil-to-river 
sediment 
pollutant mobility. 
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FIGURE 2-12.  ZONE 2 SITE FEATURES 
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by 5 to 18 feet of sand and gravel fill overlying natural deposits of fine- to medium-grained sand or sand 
and silt.  The fill thickens from approximately 16 feet bgs in the eastern portion of Zone 2 to 20 feet bgs 
along the river.  The depth of the sand and silt unit in Zone 2 is unknown, and bedrock is estimated to be 
more than 70 feet bgs.   
 
The unconfined water table in Zone 2 occurs within the sand and gravel fill and underlying sand unit.  
Depths to the water table range from approximately 4 to 5 feet bgs along the river to 18 feet bgs in the 
eastern portion of Zone 2.  Groundwater flow is generally west toward the Thames River at low tide and 
reverses along the river during high tide.  Groundwater in the eastern half of Zone 2 continues to flow 
west during high tide, but groundwater in the western half reverses and flows east, forming a groundwater 
low in the area of Building 1.   
 
No significant surface water features, with the exception of local storm sewers, are located within Zone 2.  
As shown on Figure 2-12, two storm sewers within Zone 2, one along Cisco Road and one along Capelin 
Road, discharge to the Thames River.   
 

2.3.1.2 Conceptual Site Model 

Figure 2-13 presents the Zone 2 CSM.  Suspected contaminant sources in Zone 2 include the former 
subsurface fuel oil distribution lines; steam, condensate, and electrical lines may have acted as conduits 
to transport contaminants.  Potential receptors and exposure pathways are discussed in Section 2.1.5.2.  
 

2.3.1.3 Nature and Extent of Contamination 

No chemicals above regulatory criteria were identified for any media in Zone 2.  Leaks of petroleum 
products from fuel oil distribution lines resulted in the release of PAHs to soil in Zone 2, but 
concentrations were not above regulatory criteria under either industrial or residential land use.  Fate and 
transport of contamination is discussed in Section 2.1.5.3.  Figure 2-4 shows the areal extent of PAH 
concentrations, represented by BaPEQ, in Zone 2 soil from the ground surface to the water table, and 
Figure 2-5 shows the areal extent of PAH concentrations in Zone 2 soil from the ground surface to 15 feet 
bgs.  Two cross sections showing PAH contamination in Zone 2 are shown on Figure 2-6.  Figure 2-7 
shows the areal extent of lead concentrations in Zone 2 soil from the ground surface to the water table, 
and Figure 2-8 shows the areal extent of lead concentrations in Zone 2 soil from the ground surface to 15 
feet bgs.  Two cross sections showing lead concentrations in Zone 2 soil are shown on Figure 2-9. 
 
BaPEQ concentrations in Zone 2 soil are low (less than 1,000 µg/kg) (Figures 2-4, 2-5, and 2-6).  The 
maximum BaPEQ concentration (928 µg/kg) was detected in the subsurface soil sample collected from 
TB3-2RI at 6 to 8 feet bgs (Figure 2-6).  Lead concentrations in soil were low (less than 400 mg/kg) 
throughout Zone 2 (Figure 2-9).     
 

SPLP lead was detected at 0.026 mg/L, below PMC for residential land use, in the sample that was 
evaluated for leachate lead (Z2PDI-001).   
 

2.3.2 Summary of Zone 2 Risk Assessment 

The most recent HHRA for Zone 2 surface water, shellfish, and finfish was part of the 1999 RI (Tetra 
Tech, 1999) and the most recent HHRA for Zone 2 soil and groundwater was part of the FS Addendum in 
2012 (Tetra Tech, 2012).  The ERA completed for Zone 2 surface water and sediment in the Phase II RI 
(Brown & Root Environmental, 1997) concluded that benthic invertebrates were the only receptor of 
concern.  The ERA was updated for the 1999 RI (Tetra Tech 1999) to further evaluate risks to benthic 
invertebrates exposed to Zone 2 sediment.  
 

2.3.2.1 Summary of Human Health Risk Assessment Results 

Tables summarizing data used in the HHRA and associated results are presented in Appendix F.2.  
Tables 1 through 3 in Appendix F.2 for Zone 2 present EPCs for the COPCs identified at Zone 2 in 
surface soil, surface/subsurface soil, and groundwater.  Tables 4 and 5 in Appendix F.2 for Zone 2 
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provide non-carcinogenic hazard information relevant to the Zone 2 COPCs for oral/dermal and inhalation 
routes of exposure, respectively.  Tables 6 and 7 in Appendix F.2 for Zone 2 provide carcinogenic risk 
information relevant to the Zone 2 COPCs for oral/dermal and inhalation exposure.   
 
Tables 8 through 12 in Appendix F.2 for Zone 2 provide RME cancer risk estimates for the significant 
receptors and routes of exposure developed by taking into account various conservative assumptions 
about the frequency and duration of exposure for each receptor and also about the toxicity of the COPCs.  
Total carcinogenic risk estimates for soil exposure routes were 2 x 10

-7
 for current and future construction 

workers, 2 x 10
-6

 for current full-time employees, 3 x 10
-6

 for future full-time employees, 3 x 10
-5

 for child 
residents, 6 x 10

-6
 for adult residents, and 4 x 10

-5
 for lifetime residents.  Total carcinogenic risk estimates 

for groundwater direct exposure were 1 x 10
-8

 for current and future construction workers.  The risk levels 
for current and future construction workers and full-time employees indicate that if no cleanup action was 
taken, the increased probabilities of developing cancer as a result of site-related exposure would range 
from approximately 1 in 100,000,000 to 3 in 1,000,000, within EPA’s acceptable risk range.  Estimated 
risk for hypothetical future child, adult, and lifetime residents indicate that if no cleanup action was taken, 
the increased probabilities of developing cancer as a result of site-related exposure would range from 
approximately 6 in 1,000,000 to 4 in 100,000, within EPA’s acceptable risk range.   
 
Tables 8 through 12 in Appendix F.2 for Zone 2 also provide RME non-cancer HQs for each receptor and 
route of exposure and total HIs for all routes of exposure.  Total HIs for soil exposure routes were 0.3 for 
construction workers, 0.01 for future full-time employees, 0.1 for child residents, and 0.01 for adult 
residents.  The total HI for groundwater direct exposure was 0.001 for construction workers.  A total HI 
was not calculated for current full-time employees because no non-carcinogenic COPCs were identified 
for this receptor.  HIs for all receptors under the RME scenario were less than unity (1).   
 
Concentrations of chloroform and tetrachloroethene in Zone 2 groundwater samples exceeded USEPA 
screening levels for migration from groundwater to air and were evaluated for potential risks to 
hypothetical residents using EPA’s Johnson and Ettinger volatilization model (2003b).  The total 
carcinogenic risk estimate for this pathway was 1 x 10

-6
 for lifetime residents.  The total HI for this 

pathway was 0.003 for lifetime residents.  The results of the modeling indicated no cancer risks or non-
cancer hazards for the groundwater to air pathway.  Vapor intrusion modeling results are included as part 
of Appendix F.  
 
Based on the results of the HHRA, no cancer risks or non-cancer hazards were identified for current or 
potential future human receptors.  
 

2.3.2.2 Summary of Ecological Risk Assessment Results 

As summarized in Section 2.1.7.2, the Phase II and 1999 RI concluded that surface water and sediment 
in Zone 2 do not pose unacceptable risk to ecological receptors.  As previously summarized in Section 
2.1.5.2, soil is not a medium of concern for ecological receptors. 
 

2.3.2.3 Basis for No Further Action Decision 

No unacceptable risks were identified for ecological receptors exposed to surface water or sediment, and 
no complete exposure pathways exist for ecological exposure to soil in Zone 2.  No unacceptable risks 
were identified for human receptors exposed to surface water, shellfish, finfish, soil, or groundwater under 
either current or future land use, and no complete exposure pathways exist for human receptors for 
sediment in Zone 2.  Because no unacceptable risks were identified, the Navy and EPA have concluded, 
with concurrence from CTDEEP, that No Further Action is necessary for Zone 2 to protect public health 
and welfare from actual or threatened releases of these hazardous substances into the environment.  
Because hazardous substances are not present at the site in excess of levels that allow for unlimited 
exposure and unrestricted use, five-year reviews are not required. 
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FIGURE 2-13.  ZONE 2 CONCEPTUAL SITE MODEL 
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2.4 ZONE 3  

2.4.1 Site Characteristics 

2.4.1.1 Physical Characteristics 

Zone 3 extends from Capelin Road along the southern end of Zone 2 to the southern end of Bullhead 
Road (Figures 2-14 and 2-15).  The Providence and Worcester Railroad borders the eastern edge of 
Zone 3, and the Thames River abuts Zone 3 to the west.  The ground surface of Zone 3 slopes gently to 
the Thames River and is paved or covered with buildings.  The soils of Zone 3 are classified as Urban 
Land, and the surficial geology is classified as artificial fill.  Based on borings, Zone 3 is underlain by 10 to 
20 feet of sand and gravel fill overlying fine sand and silt. The depth of the sand and silt unit in Zone 3 is 
unknown, and bedrock is estimated to be more than 70 feet bgs.  Extending along the river as far north as 
boring 13TB12, the wooden pier of the former quay wall is present at approximately 6 feet below grade 
and extends to the south into Zone 4. 
 
The unconfined water table in Zone 3 occurs within the sand and gravel fill and underlying sand unit.  
Depths to the water table range from approximately 4 to 5 feet bgs along the river to 6 feet bgs further 
inland.  Groundwater flow is generally to the west toward the Thames River during low and high tides.  
Tidal influence is restricted to monitoring wells along the Thames River (MW1-3RI and MW2-3RI). 
 
Surface water runoff in Zone 3 is collected in catch basins and drains through storm sewers to the 
Thames River.  Two storm sewers along Capelin Road discharge to the Thames River at Pier 6 
(Figure 2-14).  
 

2.4.1.2 Conceptual Site Model 

Figure 2-16 presents the Zone 3 CSM.  The primary sources of contamination in Zone 3 were releases of 
lead from the Former Battery Overhaul Shop (Site 17, Building 31) to underlying soil and leaks of 
petroleum products from USTs and fuel distribution lines; steam, condensate, and electrical lines may 
have acted as conduits to transport contaminants.  In 1995, a time-critical removal action was completed 
at Site 17 (Building 31) in which on-site solidification was used to prevent leaching of lead from soil to 
groundwater.  Although solidification reduced the leachability of lead in soil, it did not reduce mass 
concentrations of lead at Site 17 soil.  Potential receptors and exposure pathways are discussed in 
Section 2.1.5.2. 
 

2.4.1.3 Nature and Extent of Contamination 

SVOCs, consisting largely of PAHs, and lead were detected at elevated concentrations in Zone 3 soil.  
Figure 2-4 shows the areal extent of PAH concentrations, represented by BaPEQ, in Zone 3 soil from the 
ground surface to the water table, and Figure 2-5 shows the areal extent of PAH concentrations in Zone 3 
soil from the ground surface to 15 feet bgs.  Two cross-sections showing PAH contamination in Zone 3 
are shown on Figure 2-6.  Figure 2-7 shows the areal extent of lead concentrations in Zone 3 soil from the 
ground surface to the water table and Figure 2-8 shows the areal extent of lead concentrations in Zone 3 
soil from the ground surface to 15 feet bgs.  Two cross-sections showing lead contamination in Zone 3 
are shown on Figure 2-9.   
 
Based on the distribution of SVOCs, it appears that leaks of petroleum products from USTs and fuel 
distribution lines resulted in the release of SVOCs to soil in Zone 3.  The area of high BaPEQ 
concentrations (greater than 1,000 µg/kg) extends from TB5-3RI to TB4-3RI in the western portion of 
Zone 3 (Figures 2-4, 2-5, and 2-6). The maximum BaPEQ concentration in both surface and subsurface 
soil (1,776 µg/kg and 1,714 µg/kg, respectively) were detected at TB4-3RI (Figure 2-6).   
 
Lead was detected at concentrations greater than 1,090 mg/kg in both surface and subsurface soil in the 
southwestern portion of Zone 3 (Figures 2-7, 2-8, and 2-9).  The lead detections are most likely the result 
of past operations at Building 31.  As discussed in the table in Appendix D and shown on Figures 2-7 and 
2-8, a time-critical removal action was completed at former Building 31 to cleanup soil with concentrations 
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greater than 500 mg/kg of total lead and/or 5.0 mg/L TCLP extract lead through excavation and on-site 
solidification or excavation and off-site disposal.  A majority of the soil beneath former Building 31 was 
excavated, treated through solidification, and placed back in the excavation.  This process reduced the 
leachability of lead in treated soil, but did not reduce the overall mass of lead; therefore, concentrations of 
lead in treated soil currently exceed 1,090 mg/kg (Figures 2-7 and 2-8).  Three areas adjacent to 
Building 31 were excavated and replaced with clean backfill (Figures 2-7 and 2-8).  In one of these areas, 
soil with concentrations greater than 500 mg/kg of total lead and/or 5.0 mg/L TCLP extract lead was 
excavated below the mean high water table and replaced with clean fill; contamination remains in this 
area below the mean high water table (Figure 2-8).  The other two areas were excavated to 3 feet bgs 
(Figures 2-7 and 2-8).  Soil with lead concentrations greater than 400 mg/kg remains in one half of one of 
the areas; soil in the remaining portions of these areas contains concentrations of total lead less than 400 
mg/kg and low concentrations of leachable lead (Figures 2-7 and 2-8).  Additionally, some untreated soil 
in the vicinity of former Building 31 still contains elevated concentrations of mass and leachable lead.  
Lead concentrations in treated soil beneath Building 31, and all borings collected in treated and untreated 
soil are shown on Figures 2-7 and 2-8.   
 
The maximum TCLP lead concentration (5.88 mg/L) in untreated soil beneath former Building 31 was 
detected at SB17, and the maximum SPLP lead concentration (0.478 mg/L) in untreated soil was 
detected at MW1-3RI.  The TCLP and SPLP lead concentrations suggest that some of the remaining 
untreated lead in Zone 3 soil is leachable and could impact groundwater, but the groundwater data do not 
support that conclusion. 
 

2.4.2 Summary of Zone 3 Risks 

The most recent HHRA for Zone 3 surface water, shellfish, and finfish was part of the 1999 RI (Tetra 
Tech, 1999) and the most recent HHRA for Zone 3 soil and groundwater was part of the FS Addendum in 
2012 (Tetra Tech, 2012).  The ERA completed for Zone 3 surface water and sediment in the Phase II RI 
(Brown & Root Environmental, 1997) concluded that benthic invertebrates were the only receptor of 
concern.  The ERA was updated for the 1999 RI (Tetra Tech, 1999) to further evaluate risks to benthic 
invertebrates exposed to Zone 3 sediment.  
 

2.4.2.1 Summary of Human Health Risks 

Tables summarizing data used in the HHRA and associated results are presented in Appendix F.3.  
Tables 1 through 3 in Appendix F.3 for Zone 3 present EPCs for the COPCs identified at Zone 3 in 
surface soil, surface/subsurface soil, and groundwater.  Tables 4 and 5 in Appendix F.3 for Zone 3 
provide non-carcinogenic hazard information relevant to the Zone 3 COPCs for oral/dermal and inhalation 
routes of exposure, respectively.  Tables 6 and 7 in Appendix F.3 for Zone 3 provide carcinogenic risk 
information relevant to the Zone 3 COPCs for oral/dermal and inhalation exposure.   
 
Tables 8 through 12 in Appendix F.3 for Zone 3 provide RME cancer risk estimates for the significant 
receptors and routes of exposure developed by taking into account various conservative assumptions 
about the frequency and duration of exposure for each receptor and also about the toxicity of the COPCs.  
Total carcinogenic risk estimates for soil exposure routes were 3 x 10

-7
 for current and future construction 

workers, 1 x 10
-6

 for current full-time employees, 6 x 10
-6

 for future full-time employees, 6 x 10
-5

 for child 
residents, 1 x 10

-5
 for adult residents, and 7 x 10

-5
 for lifetime residents.  Total carcinogenic risk estimates 

for groundwater direct exposure were 1 x 10
-9

 for current and future construction workers.  Estimated 
risks for current and future construction workers and full-time employees indicate that if no cleanup action 
was taken, the increased probabilities of developing cancer as a result of site-related exposure would 
range from approximately 1 in 10,000,000 to 6 in 1,000,000, within EPA’s acceptable risk range.  
Estimated risks for hypothetical future child, adult, and lifetime residents indicate that if no cleanup action 
was taken, the increased probabilities of developing cancer as a result of site-related exposure would 
range from approximately 1in 100,000 to 7 in 100,000, within EPA’s acceptable risk range.   
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FIGURE 2-14.  ZONE 3 SITE FEATURES 
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FIGURE 2-15.  ZONE 3, BUILDING 31 TIME-CRITICAL REMOVAL ACTION 
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FIGURE 2-16.  ZONE 3 CONCEPTUAL SITE MODEL 
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Tables 8 through 12 in Appendix F.3 for Zone 3 also provide RME non-cancer HQs for the each receptor 
and route of exposure and total HIs for all routes of exposure.  Total HIs for soil exposure routes were 0.3 
for construction workers, 0.009 for current full-time employees, 0.01 for future full-time employees, 0.1 for 
child residents, and 0.02 for adult residents.  The total HI for groundwater direct exposure was 0.006 for 
construction workers.  HIs for all receptors under the RME scenario were less than unity (1).   
 
Risks from lead exposure were evaluated for child residents and construction workers and full-time 
employees.  Lead modeling for future child residents was performed using the Integrated Exposure 
Uptake Biokinetic (IEUBK) lead model, Version 1.1, Build 11, and lead modeling for construction workers 
and full-time employees, with the fetus of a pregnant worker as the receptor of concern, was performed 
using a slope-factor approach developed by the EPA Technical Review Workgroup (TRW) for Lead 
(2003a and 2009).  The average lead concentration in surface soil or surface/subsurface soil, which was 
269 mg/kg for child residents and 301 mg/kg for construction workers and full-time employees, was used 
as the EPC, as recommended by the lead models.  Lead modeling indicated that the average lead 
concentration in surface/subsurface soil results in a range of 0.02 to 1 percent of fetuses or children with 
blood-lead levels greater than 10 µg/dL.  These results are less than the EPA goal of no more than 5 
percent of children or fetuses of exposed women with blood-lead-levels exceeding 10 µg/dL.  Lead 
modeling results are included as part of Appendix F.  
 
Although the lead models showed that average concentrations of lead would not be a hazard to workers 
or residents, lead concentrations in localized areas of Zone 3 present acute risks to both I/C and 
residential receptors.  Concentrations in some areas of Zone 3 are an order of magnitude higher than 
EPA’s residential screening level (400 mg/kg) and several times higher than the I/C screening level 
(1,090 mg/kg).  The Navy made a decision, based on the acute toxicity risks presented by lead, to 
address lead contamination in Zone 3 soil.   
 
Based on the results of the HHRA, no cancer risks or non-cancer hazards were identified for current or 
potential future human receptors.  Based on acute toxicity risks, unacceptable human health risk was 
identified for current and potential future human receptors from exposure to lead in Zone 3 soil.  
 

2.4.2.2 Summary of Ecological Risks 

As summarized in Section 2.1.7.2, the Phase II and 1999 RI concluded that surface water and sediment 
in Zone 3 do not pose unacceptable risk to ecological receptors. As previously summarized in Section 
2.1.5.2, soil is not a medium of concern for ecological receptors.  
 

2.4.2.3 Basis for Action 

Unacceptable risks from lead in soil were estimated for hypothetical future adult, child, and lifetime 
residents and current and future workers.  Because risks were identified under both current and future 
land use scenarios for human receptors, a response action is necessary to protect human health or the 
environment from actual or threatened releases of hazardous substances into the environment that may 
present an imminent and substantial endangerment.   
 

2.4.3 Remedial Action Objectives 

The RAOs developed for Zone 3 soil considering current land use at NSB-NLON are as follows: 
 
 Prevent exposure of current and future full-time employees and construction workers to 

surface/subsurface soil containing concentrations of COCs greater than I/C PRGs.  
 
 Prevent migration of surface/subsurface soil COCs to groundwater that would result in concentrations 

greater than PRGs.  
 
 Prevent migration of surface/subsurface soil COCs as a result of erosion and sedimentation.  
 



NSB – New London OU4, Lower Subase – Zones 1 through 7 
 Sites 10, 11, 13, 17, 19, 21, 22, 24, and 25 ROD 

 66 August 2012 

The RAOs developed for Zone 3 soil considering hypothetical future land use at NSB-NLON are as 
follows: 
 
 Prevent exposure of hypothetical future residents to surface/subsurface soil containing concentrations 

of COCs greater than residential PRGs. 
 
 Prevent migration of surface/subsurface soil COCs to groundwater that would result in concentrations 

greater than PRGs.  
 
 Prevent migration of surface/subsurface soil COCs as a result of erosion and sedimentation.  
 
No complete exposure pathways exist for ecological receptors for soil in Zone 3, and no unacceptable 
risks were identified for ecological receptors for surface water or sediment in Zone 3.  Unacceptable risks 
were identified for human receptors under the current and reasonably anticipated future industrial land 
use scenario and a hypothetical future residential land use scenario.  To achieve the RAOs, human 
health cleanup goals were developed for each COC.   
 
Zone 3 residential direct exposure COCs are a PAH (benzo(a)anthracene) and lead.  Lead was the only 
direct exposure COC identified for Zone 3 under the industrial scenario, and the only pollutant mobility 
COC identified for Zone 3 under both the industrial and residential scenarios.  COC-specific PRGs were 
developed through the process summarized in Section 2.1.8 and Tables 2-10 and 2-11 (residential) and 
Tables 2-12 and 2-13 (I/C).  The PRGs developed in the FS Addendum were selected as the COC-
specific RGs for soil in Zone 3 and are identified in Tables 2-10, 2-11, 2-12, and 2-13.  Figure 2-17 
displays the total areal extent of soil containing concentrations of COCs greater than the direct exposure 
and pollutant mobility RGs for residential use and Figure 2-18 displays the total areal extent of soil 
containing concentrations of COCs greater than the direct exposure and pollutant mobility RGs for I/C site 
use.  The methodology used to determine these areas is detailed in the FS Addendum.   
 
Estimates of the volume of contaminated soil were generated during the FS Addendum after calculation 
of PRGs and selection of COCs.  As required by CTDEEP RSRs, soil to a depth of 15 feet bgs containing 
concentrations of COCs greater than residential direct exposure RGs and soil to the depth of the mean 
high water table containing concentrations of COCs greater than the pollutant mobility RGs under a 
residential scenario were evaluated in the calculation of the volume of contaminated soil for the 
hypothetical residential scenario.  Soil to a depth of 2 feet bgs beneath pavement and 4 feet bgs in 
unpaved areas containing concentrations of COCs greater than direct exposure RGs for I/C site use and 
soil to the depth of mean high water table containing concentrations of COCs greater than the pollutant 
mobility RGs for I/C site use was evaluated in the calculation of the volume of contaminated soil for the 
I/C scenario.  Zone 3 contains soil with concentrations of COCs that pose both an industrial and 
residential human health risk.  The volume of contaminated soil that needs to be addressed to eliminate 
risk to residential receptors is approximately 8,304 cy and the volume of contaminated soil that needs to 
be addressed to eliminate risk to industrial receptors is approximately 750 cy.  
 

2.4.4 Description of Alternatives – Zone 3 

The preliminary technology screening evaluation conducted in the FS is presented in Table 2-3 in 
Section 2.1.9.  The Zone 3 technologies and process options retained after detailed screening were 
assembled into seven soil alternatives.  Consistent with the NCP, the no action alternative was evaluated 
as a baseline for comparison with other alternatives during the comparative analysis.  Table 2-14 
describes the major components and provides estimated costs for each remedial alternative identified for 
Zone 3 soil.  
 

2.4.5 Comparative Analysis of Alternatives 

Table 2-15 and subsequent text in this section summarize the comparison of Zone 3 remedial alternatives 
with respect to the nine CERCLA evaluation criteria outlined in the NCP at 40 CFR 300.430(e)(9)(iii) and 
categorized as threshold, primary balancing, and modifying criteria.  Further information on the detailed 
comparison of remedial alternatives is presented in the FS Addendum. 
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TABLE 2-10.  DEVELOPMENT OF DIRECT EXPOSURE RGS FOR RESIDENTIAL SITE USE FOR ZONE 3 COCS 

 

 
 
 

Maximum 

Concentration

Number of 

Samples

CT 

Residential 

RSR

Values 

Based on 

Risk 

between 10-6  

and 10-4 

(Resident)(3)

Value Based 

on HI = 1.0 

(Resident)(3)

Benzo(a)anthracene 2 11 1.2 0.02 NA 1 0.15 - 15 NA 1 CT DEC RSR

Lead 4,390 115 654 0.5 17.5 400 400(4) 400(4) 400 CT DEC RSR

Cumulative Risk(5)

All concentrations are in milligrams per kilogram (mg/kg) unless otherwise indicated

1

2 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 

3 Risk values based on HHRA for future residents. 

4 The OSWER target action level for lead is based on the estimated concentration of lead in the blood of a resident.  Lead is evaluated

separately from the other chemicals and is not included in risk totals. 

5 Incremental lifetime cancer risk to future residents after remediation. 

NA Not applicable 

1 x 10-4

95-percent upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were 

calculated in accordance with the methodology used in the HHRA. 

Value

Potential RGs

Background 

Concentration

Detection 

Limits  (2)

Surface and Subsurface Soil

COCs 

Direct Exposure(0 to 15 feet bgs)

95% UCL (1)

Selected RG

Basis (5)
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TABLE 2-11.  DEVELOPMENT OF POLLUTANT MOBILITY RGS FOR RESIDENTIAL SITES USE FOR ZONE 3 COCS 

 

 

 

Maximum 

Concentration

Number of 

Samples

Alternative 

GB PMC for 

Residential 

Scenario(5)

Value Basis (6)

Lead (3) 0.6 7 0.4 0.005 0.13 0.15 CT PMC RSR

Lead (4) 0.651 5
Not 

Determined
0.005 NA 0.13 0.15 CT PMC RSR

All concentrations are in milligrams per liter (mg/L) unless otherwise indicated.

1

2 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 

3 Results of Synthetic Leaching Procedure (SPLP)

4 Results of Toxicity Characteristic Leaching Procedure (TCLP)

5 In areas with GB groundwater, and where no NAPL is present, CTDEEP allows for calculation of site-specific Alternative PMC.  

The Alternative PMC for residential site use was determined assuming no pavement would be present to reduce infiltration.

6 The Alternative PMC was used as the RG when it was greater than the CT RSR PMC. 

 When the calculated Alternative PMC value was lower than the CT RSR PMC value, the CT RSR PMC was used as the RG. 

J Estimated value

NA Not applicable 

COCs  95% UCL (1)

Surface and Subsurface Soil

(0 feet bgs to water table)

Potential RGs

Detection 

Limit (2)

Background 

Concentration

0.15

95-percent upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were 

calculated in accordance with the methodology used in the HHRA. 

Selected RG
Pollutant Mobility

CT PMC RSR

(GB 

Groundwater)
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TABLE 2-12.  DEVELOPMENT OF DIRECT EXPOSURE RGS FOR INDUSTRIAL/COMMERCIAL SITE USE FOR ZONE 3 COCS 

 

Maximum 

Concentration

Number of 

Samples

CT I/C DEC 

RSR

Values 

Based on 

Risk 

between 10-6  

and 10-4 (Full-

Time 

Employee)(3)

Value Based 

on HI = 1.0 

(Full-time 

Employee)(3)

Lead 4,390 35 501 0.5 17.5 1,000 1,090
Target Action 

Level

All concentrations are in milligrams per kilogram (mg/kg) unless otherwise indicated.

1

2 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 

3 Risk values based on HHRA for current or future full-time employees or construction workers. 

4 The OSWER target action level for lead is based on the estimated concentration of lead in the blood of a worker.  Lead is evaluated

separately from the other chemicals and is not included in risk totals. 

5 Cumulative risk in Zone 3 meets the EPA requirement of ≤ 1 x 10-4.  See the FS Addendum (Tetra Tech, 2011) for Zone 3 calculations. 

Basis (5)

Direct Exposure

Selected RG 

Background 

Concentration

Surface Soil

(0 to 2 feet bgs)

95-percent upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were 

calculated in accordance with the methodology used in the HHRA. 

Value
COC

1,090(4)

95% UCL (1)

Potential RGs

Detection 

Limit (2)
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TABLE 2-13.  DEVELOPMENT OF POLLUTANT MOBILITY RGS FOR INDUSTRIAL/COMMERCIAL SITE USE FOR ZONE 3 COCS 

 

 

Maximum 

Concentration

Number of 

Samples

Alternative GB PMC 

for I/C Scenario(5) Value Basis (6)

0.6 7 0.4 0.005 0.15 0.47 0.47 Alternative PMC

0.651 J 5 NA 0.005 0.15 0.47 0.47 Alternative PMC

All concentrations are in milligrams per liter (mg/L) unless otherwise indicated.

1

2 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 

3 Results of Synthetic Leaching Procedure (SPLP)

4 Results of Toxicity Characteristic Leaching Procedure (TCLP)

5 In areas with GB groundwater, and where no NAPL is present, CTDEEP allows for calculation of site-specific Alternative PMC.  

The Alternative PMC for industrial/commerical site use was determined assuming pavement would be present to reduce infiltration.

6 The Alternative PMC was used as the RG when it was greater than the CT RSR PMC. 

When the calculated Alternative PMC value was lower than the CT RSR PMC value, the CT RSR PMC was used as the RG. 

J Estimated value

NA Not applicable 

95-percent upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses 

of soil were calculated in accordance with the methodology used in the HHRA. 

Selected RG
Pollutant Mobility

CT PMC RSR 

(GB 

Groundwater)

Lead (3)

Lead (4)

COCs  95% UCL (1)

Potential RGs

Detection 

Limit (2)

Surface and Subsurface Soil

(0 feet bgs to water table)
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TABLE 2-14.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED 

ALTERNATIVE COMPONENTS DETAILS COST 

Alternative S-3.1: 

No Action  

No action to address 
contaminated soil and no 
use restrictions 

Five-year reviews  Five-year reviews would be conducted 
because contamination would remain in 
place at levels that do not allow for 
unrestricted use and unlimited exposure. 

Capital: $0 

Every 5 Years: 
$25,000 

30-Year NPW: 
$104,000 

Discount Rate: 
2.3% 

Time Frame: NA 

Alternative S-3.2: 

LUCs (Engineering and 
Engineered Controls, 
Institutional Controls, 
and Inspections) and 

Monitoring 

Instituting CERCLA LUCs, 
which include engineering 
and engineered controls, 
and institutional controls 
and inspecting/maintaining 
building foundations and 
pavement, and monitoring 
groundwater wells. 

LUCs, including 
engineering and 
engineered 
controls, 
institutional 
controls and 
inspections 

An implementable LUC boundary would be 
created to encompass the soil where 
residential RGs were exceeded.  The LUC 
boundary is approximately 60,900 sf.  
Within the 60,900 sf LUC boundary, 
building foundations and 46,600 sf of 
pavement would be maintained through 
CERCLA risk-based engineering controls 
and institutional controls to meet residential 
RGs.  Within the 60,900 sf of LUCs, a 
6,200 sf of paved area contains 
concentrations of COCs greater than the 
I/C direct exposure and pollutant mobility 
RGs.  Pavement in this 6,200 sf area would 
be maintained through CTDEEP RSR 
engineered controls to meet I/C RGs.  
Under I/C site use, CTDEEP RSRs allow 
low permeability pavement to be a 
CTDEEP RSR engineered control.  A 
CTDEEP RSR engineered control is 
required in an area classified as I/C site use 
when concentrations of COCs are greater 
than the CTDEEP I/C cirect exposure 
criteria in the top 2 feet of soil beneath 
paved areas and/or where COCs are 
greater than the Alternative GB PMC RGs 
for I/C site use in soil above the water table. 
Soil beneath former Building 31 contains 
concentrations of COCs that exceed I/C 
RGs; however, this soil is considered 
inaccessible under CTDEEP RSRs and the 
CERCLA LUC in place in this area would 
meet CTDEEP RSRs.  

Capital: $26,000 

1
st

 and 2
nd

 Year: 
$45,000 

3
rd

 and 4
th

 Year: 
$32,000 

Every 5 Years: 
$51,000 

Annually All Other 
Years: 

$11,000 

30-Year NPW: 
$525,000 

Discount Rate: 
2.3% 

Time Frame: 3 
months

 

Long-term 
monitoring 

Groundwater monitoring for all COCs that 
exceed residential RGs would be quarterly 
for the first 2 years, semi-annually for the 
next 2 years, annually the fifth year, and 
every 5 years thereafter to confirm that the 
remedy remains protective and that 
contaminants are not migrating to 
groundwater.  
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TABLE 2-14.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED 

ALTERNATIVE COMPONENTS DETAILS COST 

Five-year reviews Five-year reviews would be conducted 
because contamination would remain in 
excess of levels that allow for unrestricted 
use and unlimited exposure.  

 

Alternative S-3.3: 

Capping to Allow I/C Site 
Use and Prevent 
Leaching, LUCs 
(Engineering and 
Engineered Controls, 
Institutional Controls, 
and Inspections) and 
Monitoring 

Cap installation, instituting 
CERCLA LUCs, which 
include engineering and 
engineered controls, 
institutional controls and 
inspecting/maintaining 
building foundations and 
pavement, and monitoring 
groundwater wells. 

Capping to allow 
I/C site use and 
prevent leaching 

Cap installation includes excavation to a 
depth of 2 feet over a 6,200 sf area, off-site 
disposal of 290 cy of soil, and installation of 
4,800 sf of geomembrane.    

Capital: $373,000 

1
st

 and 2
nd

 Year: 
$45,000 

3
rd

 and 4
th

 Year: 
$32,000 

Every 5 Years: 
$51,000 

Annually All Other 
Years: 

$10,000 

30-Year NPW: 
$867,000 

Discount Rate: 
2.3% 

Time Frame
1
: 1 

month, in addition to 
LUCs and planning 

LUCs, including 
engineering and 
engineered 
controls, 
institutional 
controls and 
inspections 

An implementable LUC boundary would be 
created to encompass the soil where 
residential RGs were exceeded.  The LUC 
boundary is approximately 60,900 sf.  
Within the 60,900 sf LUC boundary, 
building foundations and 46,600 sf of 
pavement would be maintained through 
CERCLA risk-based engineering controls 
and institutional controls to meet residential 
RGs.  Within the 60,900 sf of LUCs, a 
4,800 sf of paved area contains 
concentrations of COCs greater than the 
I/C RGs.  Pavement in this 6,200 sf area 
would be maintained through CTDEEP 
RSR engineered controls to meet I/C RGs.   

Long-term 
monitoring 

Groundwater monitoring for all COCs that 
exceed residential RGs would be quarterly 
for the first 2 years, semi-annually for the 
next 2 years, annually the fifth year, and 
every 5 years thereafter to confirm that the 
remedy remains protective and that 
contaminants are not migrating to 
groundwater.  

Five-year reviews Five-year reviews would be conducted 
because contamination would remain in 
excess of levels that allow for unrestricted 
use and unlimited exposure.  

 

Alternative S-3.4: 

In-Situ Treatment 
(Stabilization/ 

Solidification) to Meet 
Alternative GB PMCs for 
I/C Site Use, LUCs 
(Engineering Controls, 

In-situ treatment 
(stabilization/ 

solidification) to 
allow I/C site use 
and meet pollutant 
mobility PRGs for 
I/C site use 

In-situ treatment includes excavation of 
asphalt over a 6,200 sf area (170 cy), 
treatment of 750 cy of soil and disposal of 
75 cy of excess soil.   

Capital: $641,000 

1
st

 and 2
nd

 Year: 
$44,000 

3
rd

 and 4
th

 Year: 
$31,000 

Every 5 Years: 



NSB – New London OU4, Lower Subase – Zones 1 through 7 
 Sites 10, 11, 13, 17, 19, 21, 22, 24, and 25 ROD 

 73 August 2012 

TABLE 2-14.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED 

ALTERNATIVE COMPONENTS DETAILS COST 

Institutional Controls, 
and Inspections) and 
Monitoring 

In-Situ Treatment, 
instituting CERCLA LUCs, 
which include engineering 
controls, institutional 
controls, and 
inspecting/maintaining 
building foundations and 
pavement, and monitoring 
groundwater wells. 

LUCs, including 
engineering and 
institutional 
controls and 
inspections 

An implementable LUC boundary would be 
created to encompass the soil where 
residential RGs were exceeded.  The LUC 
boundary is approximately 60,900 sf.  
Within the 60,900 sf LUC boundary, 
building foundations and 46,600 sf of 
pavement would be maintained through 
CERCLA risk-based engineering controls 
and institutional controls to meet residential 
RGs.   

$50,000 

Annually All Other 
Years: 

$10,000 

30-Year NPW: 
$1,096,000 

Discount Rate: 
2.3% 

Time Frame
1
: 1 

month, in addition to 
LUCs and planning Long-term 

monitoring 
Groundwater monitoring for all COCs that 
exceed residential RGs would be quarterly 
for the first 2 years, semi-annually for the 
next 2 years, annually the fifth year, and 
every 5 years thereafter to confirm that the 
remedy remains protective and that 
contaminants are not migrating to 
groundwater.  

Five-year reviews Five-year reviews would be conducted 
because contamination would remain in 
excess of levels that allow for unrestricted 
use and unlimited exposure.  

 

Alternative S-3.5A: 

Excavation to Meet I/C 

Direct Exposure PRGs, 
Off-Site Disposal, LUCs 
(Engineering and 
Engineered Controls, 
Institutional Controls, 
and Inspections) and 
Monitoring 

Excavation and Off-Site 
Disposal, instituting 
CERCLA LUCs, which 
include engineering and 
engineered controls, 
institutional controls and 
inspecting/maintaining 
building foundations and 
pavement, and monitoring 
groundwater wells. 

Excavation to meet 
direct exposure 
RGs for I/C site 
use and off-site 
disposal 

Includes excavation to a depth of 2 feet 
over a 5,120 sf area and off-site disposal of 
240 cy of soil.   

Capital: $319,000 

1
st

 and 2
nd

 Year: 
$45,000 

3
rd

 and 4
th

 Year: 
$32,000 

Every 5 Years: 
$51,000 

Annually All Other 
Years: 

$11,000 

30-Year NPW: 
$819,000 

Discount Rate: 
2.3% 

Time Frame
1
: 1 

month, in addition to 
LUCs and planning 

LUCs, including 
engineering and 
engineered 
controls, 
institutional 
controls and 
inspections 

An implementable LUC boundary would be 
created to encompass the soil where 
residential RGs were exceeded.  The LUC 
boundary is approximately 60,900 sf.  
Within the 60,900 sf LUC boundary, 
building foundations and 46,600 sf of 
pavement would be maintained through 
CERCLA risk-based engineering controls 
and institutional controls to meet residential 
RGs.  Within the 60,900 sf of LUCs, a 
6,200 sf of paved area contains 
concentrations of COCs greater than the 
I/C RGs.  Pavement in this 6,200 sf area 
would be maintained through CTDEEP 
RSR engineered controls to meet I/C RGs.   

Long-term 
monitoring 

Groundwater monitoring for all COCs that 
exceed residential RGs would be quarterly 
for the first 2 years, semi-annually for the 
next 2 years, annually the fifth year, and 
every 5 years thereafter to confirm that the 
remedy remains protective and that 
contaminants are not migrating to 
groundwater.  
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TABLE 2-14.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED 

ALTERNATIVE COMPONENTS DETAILS COST 

Five-year reviews Five-year reviews would be conducted 
because contamination would remain in 
excess of levels that allow for unrestricted 
use and unlimited exposure.  

 

Alternative S-3.5B: 
Excavation to Meet I/C 
PRGs, Off-Site Disposal, 
LUCs (Engineering 
Controls, Institutional 
Controls, and 
Inspections) and 
Monitoring 

Excavation and Off-Site 
Disposal, instituting 
CERCLA LUCs, which 
include engineering and 
institutional controls and 
inspecting/maintaining 
building foundations and 
pavement, and monitoring 
groundwater wells. 

Excavation to meet 
direct exposure 
and pollutant 
mobility RGs for 
I/C site use, and 
off-site disposal  

Includes excavation to a depth of 4 feet 
over a 6,200 sf area and off-site disposal of 
750 cy of soil.   

Capital: $563,000 

1
st

 and 2
nd

 Year: 
$44,000 

3
rd

 and 4
th

 Year: 
$31,000 

Every 5 Years: 
$50,000 

Annually All Other 
Years: 

$10,000 

30-Year NPW: 
$1,039,000 

Discount Rate: 
2.3% 

Time Frame
1
: 1.5 

months, in addition 
to LUCs and 
planning 

LUCs, including 
engineering and 
institutional 
controls and 
inspections 

An implementable LUC boundary would be 
created to encompass the soil where 
residential RGs were exceeded.  The LUC 
boundary is approximately 60,900 sf.  
Within the 60,900 sf LUC boundary, 
building foundations and 46,600 sf of 
pavement would be maintained through 
CERCLA risk-based engineering controls 
and institutional controls to meet residential 
RGs.  

Long-term 
monitoring 

Groundwater monitoring for all COCs that 
exceed residential RGs would be quarterly 
for the first 2 years, semi-annually for the 
next 2 years, annually the fifth year, and 
every 5 years thereafter to confirm that the 
remedy remains protective and that 
contaminants are not migrating to 
groundwater.  

Five-year reviews Five-year reviews would be conducted 
because contamination would remain in 
excess of levels that allow for unrestricted 
use and unlimited exposure.  

 

Alternative S-3.6: 

Excavation to Meet 
Residential PRGs, On-
Site Dewatering, and Off-
Site Disposal  

 

Excavation to meet 
direct exposure 
and pollutant 
mobility RGs for 
residential site use 

Excavation of approximately 12,000 cy of 
soil over approximately 52,700 sf up to 15 
feet bgs with COC concentrations 
exceeding residential RGs.  No LUCs or 
monitoring would be required because all 
contamination exceeding residential RGs 
would be removed.  

Capital: $7,749,000 

NPW: $7,749,000 

Time Frame
1
: 6 

months, in addition 
to planning 
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TABLE 2-14.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED 

ALTERNATIVE COMPONENTS DETAILS COST 

Excavation to meet 
residential direct exposure 
PRGs to 15 feet bgs and 
pollutant mobility PRGs 
from the ground surface to 
groundwater level, de-
watering excavated soil on 
site, and off-site disposal 
of contaminated soil.  

On-site dewatering Excavation would extend below the water 
table, beyond an average depth of 6 feet 
bgs.  Wet soil would require gravity-induced 
passive dewatering by on-site stockpiling 
prior to off-site disposal. Drainage water 
would be treated and discharged to the 
Thames River.  

Off-site disposal Excavated material would be sampled to 
determine the proper disposal method.  

1 The estimated time frame listed in Table 2-14 is for the duration of construction activities only.  Additional time 
would be required to prepare the necessary work plan and other administrative documents.   
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FIGURE 2-17.  ZONE 3 AREA THAT EXCEEDS RESIDENTIAL RGS 
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FIGURE 2-18.  ZONE 3 AREA THAT EXCEEDS INDUSTRIAL/COMMERCIAL RGS 
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TABLE 2-15.  SUMMARY OF COMPARATIVE ANALYSIS OF ZONE 3 ALTERNATIVES 

CERCLA 

CRITERION 

ALTERNATIVE 

S-3.1: 

NO ACTION 

ALTERNATIVE 

S-3.2: LUCS 

(ENGINEERING 

AND 

ENGINEERED 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INPSECTIONS) 
AND 

MONITORING 

ALTERNATIVE 

S-3.3: 

CAPPING TO 

ALLOW I/C 

SITE USE AND 

PREVENT 

LEACHING, 
LUCS 

(ENGINEERING 

AND 

ENGINEERED 

CONTROLS,  
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE S-3.4: 

IN-SITU TREATMENT 

(STABILIZATION/ 

SOLIDIFICATION) TO 

MEET ALTERNATIVE GB 

PMCS FOR I/C SITE 

USE, LUCS 

(ENGINEERING 

CONTROLS,  
INSTITUTIONAL 

CONTROLS, AND 

INSPECTIONS) AND 

MONITORING 

ALTERNATIVE 

S-3.5A: 

EXCAVATION TO 

MEET I/C 

DIRECT 

EXPOSURE 

PRGS, OFF-
SITE DISPOSAL, 

LUCS 

(ENGINEERING 

AND 

ENGINEERED 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE 

S-3.5B: 
EXCAVATION TO 

MEET I/C 

PRGS, OFF-
SITE DISPOSAL, 

LUCS 

(ENGINEERING 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE 

S-3.6: 

EXCAVATION TO 

MEET 

RESIDENTIAL 

PRGS, ON-SITE 

DEWATERING, 
AND OFF-SITE 

DISPOSAL  

Overall 
Protection of 
Human Health 
and the 
Environment 

 ● ● ● ● ● ● 

Compliance with 
Applicable or 
Relevant and 
Appropriate 
Requirements 

 ● ● ● ● ● ● 

Long-Term 
Effectiveness 
and Permanence 

 ● ● ● ● ● ● 

Reduction of 
Toxicity, Mobility, 
and Volume 
through 
Treatment 

   

Would reduce lead 
toxicity and mobility by 

in-situ chemical 
stabilization/solidification.   

  

Only treatment of 
water from the 
dewatering 
process. 
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TABLE 2-15.  SUMMARY OF COMPARATIVE ANALYSIS OF ZONE 3 ALTERNATIVES 

CERCLA 

CRITERION 

ALTERNATIVE 

S-3.1: 

NO ACTION 

ALTERNATIVE 

S-3.2: LUCS 

(ENGINEERING 

AND 

ENGINEERED 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INPSECTIONS) 
AND 

MONITORING 

ALTERNATIVE 

S-3.3: 

CAPPING TO 

ALLOW I/C 

SITE USE AND 

PREVENT 

LEACHING, 
LUCS 

(ENGINEERING 

AND 

ENGINEERED 

CONTROLS,  
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE S-3.4: 

IN-SITU TREATMENT 

(STABILIZATION/ 

SOLIDIFICATION) TO 

MEET ALTERNATIVE GB 

PMCS FOR I/C SITE 

USE, LUCS 

(ENGINEERING 

CONTROLS,  
INSTITUTIONAL 

CONTROLS, AND 

INSPECTIONS) AND 

MONITORING 

ALTERNATIVE 

S-3.5A: 

EXCAVATION TO 

MEET I/C 

DIRECT 

EXPOSURE 

PRGS, OFF-
SITE DISPOSAL, 

LUCS 

(ENGINEERING 

AND 

ENGINEERED 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE 

S-3.5B: 
EXCAVATION TO 

MEET I/C 

PRGS, OFF-
SITE DISPOSAL, 

LUCS 

(ENGINEERING 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE 

S-3.6: 

EXCAVATION TO 

MEET 

RESIDENTIAL 

PRGS, ON-SITE 

DEWATERING, 
AND OFF-SITE 

DISPOSAL  

Short-Term 
Effectiveness  ● ● ● ● ● ● 

Implementability ● ● ● ● ● ● ● 

Total Cost 
(Present Net 
Worth) 

$104,000 $525,000 $867,000 $1,096,000 $819,000 $1,039,000 $7,749,000 

State 
Acceptance

NA ● ● ● ● ● ● 
Community 
Acceptance

NA ● ● ● ● ● ● 
 - Meets the criterion.    - Does not meet the criterion.    NA - Not applicable. 
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Threshold Criteria 

Overall Protection of Human Health and the Environment.  Alternative S-3.1 would not be protective 
of human health or the environment because no action would be conducted to address site risks.    
 
Alternatives S-3.2, S-3.3, S-3.4, S-3.5A, S-3.5B, and S-3.6 would be protective.  Alternative S-3.2 would 
be protective because pavement would prevent construction workers and full-time employees from 
contacting contaminated soil and would limit leaching of soil contaminants to groundwater, and 
institutional controls would prevent residential human health risk.  Alternative S-3.5A would be protective 
because contaminated soil in the uppermost 2 feet would be permanently removed.  Alternatives S-3.3 
and S-3.4 would be protective because an impermeable barrier (Alternative S-3.3) or 
stabilization/solidification (Alternative S-3.4) would minimize leaching of soil contaminants to groundwater.  
Alternative S-3.5B would be protective because all soil exceeding I/C concentrations would be 
permanently removed from Zone 3.  Alternative S-3.6 would be protective because soil causing a 
residential human health risk would be permanently removed from Zone 3.  
 
Compliance with ARARs.  ARARs include any federal or state standards, requirements, criteria, or 
limitations determined to be legally applicable or relevant and appropriate to the site or remedial action.  
Alternatives S-3.2, S-3.3, S-3.4, S-3.5A, S-3.5B, and S-3.6 would comply with all chemical-, location-, and 
action-specific ARARs as long as water generated through the dewatering process in S-3.6 is adequately 
treated prior to disposal in the Thames River and excavated soil is tested and disposed of properly.  
Alternatives S-3.2, S-3.3, S-3.4, S-3.5A, and S-3.5B use the same PRGs that have been determined by 
the Navy and EPA and would not pose unreasonable risk of injury to health or the environment under I/C 
site use.  Alternative S-3.6 uses different PRGs that have been determined by the Navy and EPA and 
would not pose unreasonable risk of injury to health or the environment under residential site use.  
 

Primary Balancing Criteria 

Long-Term Effectiveness and Permanence.  Alternative S-3.1 would have no long-term effectiveness 
or permanence because no contaminant removal or contact restrictions would occur.   
 
Alternatives S-3.2, S-3.3, S-3.4, S-3.5A, and S-3.5B would require engineered and institutional controls to 
be effective and permanent remedies in the long term.  LUCs implemented under these alternatives 
would prevent site development for other uses that could result in unacceptable exposure for future site 
users to site contamination, and long-term monitoring and O&M, along with five-year reviews, would 
ensure the adequacy of these remedies to protect human receptors and underlying groundwater from 
contamination left in place.  Five-year reviews for Alternatives S-3.2, S-3.3, S-3.4, S-3.5A, and S-3.5B 
would ensure that LUCs remained protective by preventing residential exposure to remaining 
contaminants throughout Zone 3.  
 
Alternative S-3.5A would be more effective than Alternative S-3.2 because I/C contaminated soil in the 
uppermost 2 feet would be permanently removed. Alternatives S-3.3 and S-3.4 would be more effective 
than Alternative S-3.2 and S-3.5A because an impermeable barrier (Alternative S-3.3) or 
stabilization/solidification (Alternative S-3.4) would minimize leaching of soil contaminants to groundwater.  
Alternative S-3.5B would be more effective than Alternatives S-3.2, S-3.3, S-3.4, and S-3.5A because 
under Alternative S-3.5B, soil exceeding I/C concentrations to the depth of groundwater would be 
permanently removed from Zone 3.  
 
Alternative S-3.6 would provide the most long-term effectiveness and permanence because soil causing 
residential human health risk would be permanently removed from Zone 3.   
 
Reduction in Toxicity, Mobility, or Volume Through Treatment.  Alternative S-3.4 would reduce lead 

toxicity and mobility by in-situ chemical stabilization/solidification.  None of the other alternatives would 
use treatment to reduce the toxicity, mobility, or volume of COCs, except the treatment of water that 
would be generated from the dewatering process under Alternative S-3.6. 
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Short-Term Effectiveness.  A factor in determining short-term effectiveness is the time until remedial 
response objectives are achieved.  Because Alternative S-3.1 would never meet the RAOs, this 
alternative does not meet the criterion of short-term effectiveness. 
 
Implementation of Alternatives S-3.3, S-3.5A, S-3.5B, and S-3.6 would expose remedial construction 
workers to contaminated soil, dust, and physical risks during soil excavation and potentially expose the 
community to contaminated soil during transportation for off-site disposal.  Implementation of Alternative 
S-3.4 might expose remedial construction workers to contaminated soil during treatment.  Implementation 
of Alternatives S-3.2, S-3.3, S-3.4, S-3.5A and S-3.5B would expose remedial construction workers to 
groundwater during sampling.  Implementation of Alternative S-3.6 would also expose remedial 
construction workers to physical risks during dewatering.  Alternative S-3.2 would provide the most short-
term effectiveness because implementation of LUCs would not expose remedial construction workers or 
the community to contaminated soil.  Alternative S-3.3 and S-3.5A are less effective in the short term than 
Alternative S-3.2, but more effective in the short term than Alternatives S-3.4, S-3.5B, and S-3.6, because 
they involve less soil excavation.  Alternative S-3.5B would have lower short-term effectiveness than 
Alternatives S-3.2, S-3.3, and S-3.5A, but less than Alternative S-3.4 because S-3.5B involves soil 
excavation, while S-3.4 involves more potential exposure for remedial construction workers during 
treatment of contaminated soil.  Alternative S-3.6 would have lowest short-term effectiveness because the 
most soil would be excavated and the excavation would require shoring.  However, the physical risk 
associated with these potential exposures under Alternatives S-3.2, S-3.3, S-3.4, S-3.5A, S-3.5B, and S-
3.6 could be effectively controlled by using personal protection equipment, complying with proper site-
specific health and safety procedures, and using proper best management practices to prevent the 
migration of contamination through erosion during construction, transportation, and/or monitoring 
activities.   
 
LUCs for Alternatives S-3.2, S-3.3, S-3.4, S-3.5A, or S-3.5B could be implemented in approximately 3 
months.  After planning, Alternatives S-3.3, S-3.4, and S-3.5A would have approximate construction 
durations of 1 month, Alternative S-3.5B would have an approximate construction duration of 1.5 months, 
and Alternative S-3.6 would have an approximate construction duration of 3 months.  

  
Implementability.  Alternative S-3.1 would be readily implementable. Technical, engineering, and 
institutional controls for developing and initiating five-year reviews are readily available.   
 
Alternative S-3.2 would require only LUCs (CERCLA risk-based engineering controls, CTDEEP RSR 
engineered controls, institutional controls, and inspections), monitoring, and five-year reviews. The 
establishment of LUCs for Alternative S-3.2 would be easily implementable.   
 
Alternatives S-3.3, S-3.4, S-3.5A and S-3.5B would be more difficult to implement than Alternative S-3.2 
because there would also be soil excavation or treatment.  Underground utilities may interfere with soil 
excavation or treatment, excavated soil or excess treated soil would require proper disposal, excavated 
areas would need to be filled with clean material, and remediated areas would need to be repaved.  
Alternative S-3.3 would also require installation of a geomembrane barrier.  Under Alternative S-3.4, 
treatability tests would also be needed.  Alternative S-3.5B is more difficult to implement than Alternative 
S-3.2 because it would involve soil excavation and is more difficult than Alternatives S-3.3 or S-3.5A 
because it would require a deeper excavation and underground utilities may interfere with the excavation.  
Alternative S-3.4 is more difficult to implement than Alternatives S-3.2, S-3.3, S-3.5A, or S-3.5B because 
it would involve treating contaminated soil to the depth of the water table, which is a more complex action 
than excavation, and underground utilities may interfere with the treatment process.  Alternative S-3.6 
would be considered the most difficult to implement because this alternative would require sheet piles for 
excavation support, a dewatering system, water treatment and disposal system, and utility relocation.   
 
In addition, remediation efforts for Alternatives S-3.3, S-3.4, S-3.5A, S-3.5B, and S-3.6 would interfere 
with Base activities. 
 
Cost.  The estimated present-worth cost is greatest for Alternative S-3.6 at $7,749,000, and lowest for 
Alternative S-3.1 at $104,000.  The estimated present-worth costs of the other alternatives are as follows: 
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Alternative S-3.2: $525,000; Alternative S-3.3: $867,000; Alternative S-3.4: $1,096,000; Alternative 
S-3.5A: $819,000, and Alternative S-3.5B: $1,039,000. 
 

Modifying Criteria 

State Acceptance.  State involvement has been solicited throughout the CERCLA process.  CTDEEP, as 
the designated support agency in Connecticut, concurs with the Selected Remedy (Appendix A). 
 
Community Acceptance.  No written questions were received during the formal public comment period 
for the Proposed Plan. No questions were raised at the public meeting on April 12, 2012, and no 
objections to the proposed alternative were voiced, as documented in Section 3.0. 
 

2.4.6 Selected Remedy 

2.4.6.1 Rationale for Selected Remedy 

The Selected Remedy for Zone 3 is Alternative S-3.2, LUCs (CERCLA risk-based engineering controls, 
CTDEEP RSR engineered controls, institutional controls, and inspections) and monitoring, which was 
selected because it provides the best balance of tradeoffs with respect to the nine evaluation criteria.  The 
remedy will meet the RAOs by preventing exposure to contaminated soil causing potentially unacceptable 
human health risk through the implementation of LUCs.  
 
The principal factors in the selection of this remedy included the following: 
 
The existing Zone 3 building foundations and pavement that are acting as CERCLA risk-based 
engineering controls and were shown to be effective at addressing direct exposure and potential 
exceedances of pollutant mobility standards as CTDEEP RSR engineered controls to prevent exposure to 
contaminated soil and reduce the infiltration rate would be maintained under this alternative to ensure 
continued protection.  
 
 The remedy can be readily implemented. Implementation will reduce unacceptable risk to current, 

reasonably anticipated future, and hypothetical future human receptors in approximately 3 months. 
None of the other protective alternatives would require less than 3 months to implement.   

 
 The remedy is consistent with the reasonably anticipated future non-residential use of the site. 
 
 The remedy has the lowest level of short-term risk (no remedial construction workers will be exposed) 

compared to excavation, capping, or treatment.   
 
 The remedy is protective and is the lowest cost protective alternative.   
 

2.4.6.2 Description of Selected Remedy 

The Selected Remedy includes three major components: (1) LUCs, including CERCLA risk-based 
engineering controls, CTDEEP RSR engineered controls, institutional controls, and inspections, (2) long-
term monitoring, and (3) five-year reviews.  
 
An implementable LUC boundary will be created to encompass the 52,700 sf of soil to a depth of up to 
15 feet bgs where residential RGs were exceeded (Figure 2-19).  The implementable LUC boundary is 
approximately 60,900 sf.  Within this area, building foundations and approximately 46,600 sf of pavement 
will be maintained through CERCLA risk-based engineering controls and institutional controls to meet 
residential RGs.  A 6,200 square foot paved area within the 60,900 sf LUC area contains soil with 
concentrations of COCs greater than the I/C RGs.  Pavement in this 6,200 sf area will be maintained 
through CTDEEP RSR engineered controls to meet I/C RGs.  Under I/C site use, CTDEEP RSR 
standards classify contaminated soil as inaccessible if it is unpaved and more than 4 feet below the 
ground surface, more than 2 feet below a paved surface comprised of a minimum of 3 inches of 
bituminous concrete or concrete, or beneath an existing building or another existing permanent structure.   
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FIGURE 2-19.  ZONE 3 SELECTED REMEDY 
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Soil beneath the foundation of former Building 31 contains concentrations of COCs that exceed the I/C 
RGs; however, this soil is considered inaccessible under CTDEEP RSRs.  The soil beneath the former 
Building 31 foundation will be maintained through CERCLA risk-based engineering controls to meet 
CTDEEP RSRs.  
 
LUCs are required because contaminants in Zone 3 soil are at concentrations that could result in 
unacceptable risks to human health if land use is not controlled or restricted.  The Navy will establish the 
LUCs for this remedy in a post-ROD LUC Remedial Design (RD) that will set out the specific actions 
needed to implement, operate, maintain, and enforce the LUC component of the remedy, which will 
include restricting residential land use, restricting disturbance of contaminated soil, and maintaining a 
protective cover layer to provide CERCLA risk-based engineering controls and CTDEEP engineered 
controls. The LUC RD will specify how enforceable LUCs will be maintained both during Navy control of 
the site and in the event the property is transferred from Navy control. CERCLA risk-based engineering 
controls to be specified in the LUC RD will include maintaining the existing building foundations and 
approximately 46,600 sf of pavement that already cover inaccessible and/or environmentally isolated soil.  
The controls on residential use of Zone 3 will be maintained until the concentrations of contaminants in 
soil are equal to or less than levels that allow for unrestricted use and unlimited exposure.  CTDEEP RSR 
engineered controls to be specified in the LUC RD will include maintaining 6,200 sf of pavement that 
already covers soil with concentrations of COCs greater than I/C direct exposure and pollutant mobility 
RGs.  CTDEEP RSR engineered controls will allow the Navy to meet the CTDEEP requirements for 
managing exceedances of the State’s numeric DEC and PMC standards.   
 
After LUCs are established in the LUC RD, they will be enforced by requiring all who desire to perform 
work on NSB-NLON to first coordinate with the installation's IR Program Manager, who will advise the 
work proponent of the LUCs imposed, if any, at the proposed work location.  Should the property ever be 
transferred out of federal control to private ownership, the deed given to the property recipient will contain 
deed restrictions, consistent with state law, necessary to continue implementation of required LUCs.  As 
mandated by CERCLA, the Navy retains ultimate responsibility for ensuring all aspects of the remedy are 
met.  The draft LUC RD will be developed within 90 days of ROD signature.    
 
Although concentrations of chemicals in groundwater do not currently pose a concern, a groundwater 
monitoring program will be developed and implemented to confirm that the remedy remains protective 
and that contaminants in soil are not migrating to groundwater.  For costing purposes, the FS Addendum 
assumed that four groundwater samples will be regularly collected from wells installed in strategic 
locations, to be identified in the monitoring plan, and that the collected samples will be analyzed for all 
COCs that exceed the residential RGs and that the monitoring frequency will be quarterly for the first 2 
years, semi-annually for the next 2 years, annually the fifth year, and every 5 years thereafter. The actual 
monitoring program implemented will be developed as part of the RD.  Monitoring of compliance with 
LUCs will occur at least annually.  The monitoring will confirm that regular maintenance of pavement and 
building foundations is being performed.   
 
Reviews will be performed every 5 years to evaluate site status, assess the continued adequacy of 
remedial activities, and determine whether further action is necessary. Five-year reviews are required 
because the soil that remains presents an unacceptable residential risk. 
 

2.4.6.3 Expected Outcomes of Selected Remedy 

The current use of the site as an industrial area, which will be supported by the Selected Remedy, is 
expected to continue at Zone 3, and there are no other planned land uses in the foreseeable future.  
However, if land use changes in the future, and uses other than as an industrial site are expected, other 
remedial approaches would be required and a ROD amendment would be needed.  Groundwater at the 
site is not used and is not expected to be used in the future, and the Selected Remedy will have no 
impact on current or future groundwater uses available at the site.  There are no socio-economic, 
community revitalization, or economic impacts or benefits associated with implementation of the Selected 
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Remedy.  It is estimated that the RAOs for Zone 3 will be achieved within approximately 3 months.  
Table 2-16 describes how the Selected Remedy mitigates risk and achieves the RAOs for Zone 3. 
 

TABLE 2-16.  HOW SELECTED REMEDY MITIGATES RISK AND ACHIEVES THE RAOS 

RISK RAO COMMENTS 

Unacceptable 
human health 
risks to I/C users 
from direct 
exposure to 
contaminated soil.  

Prevent exposure of current and future 
full-time employees and construction 
workers to surface/subsurface soil 
containing concentrations of COCs 
greater than I/C RGs. 

LUCs and complying with proper site-specific 
health and safety procedures will prevent 
exposure to soil containing contaminants at 
concentrations that pose a human health risk to 
construction workers.  CERCLA risk-based 
engineering (pavement and building foundation 
maintenance) and CTDEEP RSR engineered 
controls (pavement and building foundation 
maintenance) will prevent exposure of full-time 
employees to soil.   

Unacceptable 
human health 
risks from soil-to-
groundwater 
pollutant mobility.  

Prevent migration of 
surface/subsurface soil COCs to 
groundwater that would result in 
concentrations greater than RGs.  

 

CERCLA risk-based engineering (pavement and 
building foundation maintenance) and CTDEEP 
RSR engineered controls (pavement and building 
foundation maintenance) will prevent migration of 
contaminants from soil to groundwater.  

Unacceptable 
human health 
risks to I/C users 
from direct 
exposure to 
contaminated soil. 

Prevent migration of 
surface/subsurface soil COCs as a 
result of erosion and sedimentation. 

  

CERCLA risk-based engineering (pavement and 
building foundation maintenance) and CTDEEP 
RSR engineered controls (pavement and building 
foundation maintenance) will prevent erosion and 
sedimentation of soil containing COCs. 

Potential 
ecological risks 
from soil-to-river 
sediment 
pollutant mobility. 

Unacceptable 
human health 
risks to residential 
users from direct 
exposure to 
contaminated soil.  

 

Prevent exposure of hypothetical future 
residents to surface/subsurface soil 
containing concentrations of COCs 
greater than residential RGs. 

 

LUCs will prevent residential site use, and thus, 
prevent exposure to soil containing contaminants 
that pose a residential human health risk.   

 

2.4.7 Statutory Determinations 

In accordance with the NCP, the Zone 3 Selected Remedy meets the following statutory determinations: 
 
 Protection of Human Health and the Environment – LUCs (CERCLA risk-based engineering 

controls, CTDEEP RSR engineered controls, institutional controls, and monitoring) will be 
implemented to achieve RGs.  The Selected Remedy will prevent current and future human health 
risks to I/C and residential receptors from exposure to contaminated soil and prevent contaminants 
from migrating from soil to groundwater.   

 
 Compliance with ARARs – The Selected Remedy will attain all identified federal and state ARARs, 

as presented in Appendix B.   
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 Cost-Effectiveness – The Selected Remedy represents the most reasonable value for the money by 
providing the necessary degree of protection at the lowest cost.  Detailed costs for the Selected 
Remedy are presented in Appendix C. 

 
 Utilization of Permanent Solutions and Alternative Treatment Technologies or Resource Recovery 

Technologies to the Maximum Extent Practicable – The Selected Remedy represents the maximum 
extent to which permanent solutions and alternative treatment technologies can be used in a practical 
manner at Zone 3.  Based on the type and volume of contamination, in-situ treatment alternatives will 
cause greater short-term risk, be more difficult to implement, and have a greater cost.  LUCs 
(CERCLA risk-based engineering controls, CTDEEP RSR engineered controls, and institutional 
controls) and monitoring provides the best balance of tradeoffs for long-term effectiveness and 
permanence with ease of implementation for reasonable cost. 

 
 Preference for Treatment as a Principal Element – Treatment is not a principal element of the 

Selected Remedy for soil in Zone 3.  Based on the type and volume of contamination, in-situ 
treatment alternatives would cause greater short-term risk, be more difficult to implement, and have a 
greater cost.  LUCs (CERCLA risk-based engineering controls, CTDEEP RSR engineered controls,, 
institutional controls, and inspections) and monitoring provides the best balance of tradeoffs with 
respect to long-term effectiveness and permanence at a reasonable cost.  
 

 Five-Year Review Requirement – Five-year reviews will be conducted because contamination will 
remain in excess of levels that allow for unrestricted use and unlimited exposure. 

 

2.5 ZONE 4  

2.5.1 Site Characteristics 

2.5.1.1 Physical Characteristics 

Zone 4 extends from the southern end of Bullhead Road to the southern end of the Lower Subase along 
the Thames River, and within the Thames River between Pier 6 and Pier 2 (Figure 2-20).  The ground 
surface in Zone 4 slopes gently to the west toward the Thames River and is entirely paved or covered 
with buildings.  The Providence and Worcester Railroad runs along the eastern border of the zone, and 
the Thames River borders it to the west. The soils of Zone 4 are classified as Urban Land, and the 
surficial geology is classified as artificial fill.  Based on borings, Zone 4 is underlain by 5 to 15 feet of sand 
and gravel fill material, with some debris (brick fragments and fly ash) in the eastern part of the site, 
underlain by a natural silt and sand unit.  The depth to the bottom of the sand and silt unit and the top of 
bedrock are unknown; however, the depth to bedrock is estimated to be approximately 70 feet bgs.  In the 
western part of Zone 4, a wooden pier and quay wall constructed in 1940 underlie Albacore Road.   
 
The unconfined water table in Zone 4 occurs within the sand and gravel backfill at depths ranging from 
approximately 4 to 6 feet bgs, and groundwater flow is generally to the west-northwest toward the 
Thames River at low tide.  Monitoring wells along Albacore Road are influenced by diurnal tides.  The 
influence of the tides extends approximately 50 to 60 feet east from the Thames River. 
 
Surface water runoff in Zone 4 is collected in catch basins and drains through storm sewers to the 
Thames River.  Zone 4 catch basins and storm sewers are shown on Figure 2-20.  Four stormwater 
system outfalls discharge directly to the Thames River from Zone 4.  In accordance with the requirements 
of the basewide National Pollutant Discharge Elimination System (NPDES) Stormwater General Permit 
for Industrial Activities, the stormwater outfall off the southwestern corner of Building 85 in the Quay Wall 
Study Area is monitored annually. 
 
Former Pier 1 is located southeast of Pier 2 (Figure 2-20).  The northern portion of Pier 1 is constructed 
on a solid concrete foundation that extends approximately 175 feet from the Controlled Industrial Facility 
(CIF) building (Building 476) into the Thames River and forms the eastern boundary of the Inner Pier 1 
area (Figure 2-20).  The pile-supported portion of Pier 1 was demolished and removed by the Navy in 
2009.  Outer Pier 1 has a natural bedrock shoreline on the east side and open water of the Thames River  
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FIGURE 2-20.  ZONE 4 AND OUTER PIER 1 SITE FEATURES 
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FIGURE 2-21.  ZONE 4 AND OUTER PIER 1 CONCEPTUAL SITE MODEL 
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on the west side (Figure 2-20).  Sediment in Outer Pier 1 consists of soft, organic-rich silt with some sand, 
clay, and shell material.  Sediment thickness, as well as water depth, increases with distance from the 
shoreline and Inner Pier 1. 
 

2.5.1.2 Conceptual Site Model 

Figure 2-21 presents the Zone 4 CSM.  The primary sources of contamination to soil in Zone 4 were 
releases of petroleum, waste oil, and solvents from the former waste oil pit at Site 13 and leaks of 
petroleum products from fuel distribution lines.  The steam, condensate, and electrical lines may have 
acted as conduits to transport contaminants.  Releases from these sources and sources throughout the 
Lower Subase may also have contributed to contamination in Thames River sediment in Zone 4 and 
Outer Pier 1.  Activities that took place at the former marine railway at former Pier 1 (sandblasting, paint 
scraping, and ship maintenance) caused releases of lead and other contaminants to sediment in Outer 
Pier 1.  Potential receptors and exposure pathways are discussed in Section 2.1.5.2.  
 

2.5.1.3 Nature and Extent of Contamination  

2.5.1.3.1 Zone 4 Soil 

PAHs and lead were detected at elevated concentrations in Zone 4 soil.  Figure 2-4 shows the areal 
extent of PAH concentrations, represented by BaPEQ, in Zone 4 soil from the ground surface to the water 
table, and Figure 2-5 shows the areal extent of PAH concentrations in Zone 4 soil from the ground 
surface to 15 feet bgs.  Two cross-sections showing PAH contamination in Zone 4 are shown on 
Figure 2-6.  Figure 2-7 shows the areal extent of lead concentrations in Zone 4 soil from the ground 
surface to the water table and Figure 2-8 shows the areal extent of lead concentrations in Zone 4 soil 
from the ground surface to 15 feet bgs.  Two cross-sections showing lead contamination in Zone 4 are 
shown on Figure 2-9.  Figure 2-22 shows the areal extent of commingled TPH and lead.   
 
Leaks of petroleum products from fuel distribution lines and waste oil from Site 13 resulted in the release 
of PAHs to soil in Zone 4.  The area of high BaPEQ concentrations (greater than 1,000 µg/kg) was limited 
to surface soil in the immediate vicinity of MW1-4RI, which had a BaPEQ concentration of 7,120 µg/kg 
(Figures 2-4, 2-5, and 2-6).  Subsurface soil BaPEQ concentrations were low across Zone 4 (less than 
1,000 µg/kg) (Figure 2-6).  Lead was detected at a maximum concentration of 10,600 mg/kg (WE4A) in 
surface soil and 8,240 mg/kg in subsurface soil (13TB3A) (Figure 2-9).  Lead concentrations in surface 
soil are greatest in the northwestern portion of Zone 4 and east of Building 79 and in subsurface soil in 
the northwestern portion of Zone 4 (Figures 2-7, 2-8, and 2-9).  One Zone 4 soil sample was analyzed for 
arsenic, and the concentration (4.2 mg/kg) was considered high (greater than 0.39 mg/kg).  TPH is only 
addressed where it is commingled with lead, because TPH itself is not regulated under CERCLA.  As 
shown on Figure 2-22, high TPH concentrations (greater than 500 mg/kg) are only commingled with lead 
in surface soil of a small area in the northwestern portion of Zone 4.  In areas where TPH is elevated, but 
lead is absent, TPH will be addressed by the Navy under CTDEEP petroleum regulations.   
 
Although maximum concentrations of PAHs were detected at levels greater than pollutant mobility  
regulatory criteria, these compounds were detected infrequently and at low concentrations in Zone 4 
groundwater samples.  Leachate tests for lead using both the TCLP and SPLP were performed on Zone 4 
soil samples to evaluate soil concentrations to pollutant mobility regulatory criteria in Zone 4.  Soil sample 
locations WE4A (143 mg/L), 13TB3A (150 mg/L), and QW-1 (51.9 mg/L) had high TCLP lead results and 
maximum concentrations of SPLP lead in surface soil (2.18 mg/L) and subsurface soil (0.55 mg/L), found 
at Z4PDI-008, were high (see Figures 2-7 and 2-8 for boring locations).  Inorganic concentrations 
detected in Zone 4 groundwater during the PDI were much less than the project action limits, indicating 
that inorganic contamination in soil has not migrated to groundwater above regulatory criteria.   
 

2.5.1.3.2 Zone 4 Sediment 

Metals, PAHs, pesticides, and PCBs were detected at elevated concentrations in Zone 4 sediment.  To 
simplify the determination of the ecological effects of these chemicals, a composite value, called the 
effects range-median quotient (ERM-Q), was calculated.  The ERM-Q reflects total risk and is the average 
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of each chemical’s concentration normalized to its ERM.  The ERM is a published concentration of the 
median toxicity level for a given chemical, which represents the threshold that a concentration greater 
than the value is likely to be toxic to a wide range of benthic organisms.  In addition to being included in 
the calculation of the ERM-Q, total PCBs were also evaluated separately.  Figures 2-23 and 2-24 show 
the total PCB and ERM-Q for Zone 4 and Outer Pier 1 sediment sample results, respectively.   
 
For all of the contaminants, concentrations were generally lower in surface sediment samples [0 to 1 foot 
below sediment surface (bss)] compared to subsurface samples (greater than 2 feet bss).  For total 
PCBs, the maximum surface sediment concentration (location Z4-36) was 1 mg/kg, whereas the 
concentrations in three subsurface sediment samples exceeded 1 mg/kg, with a maximum concentration 
in the subsurface sample of 1.4 mg/kg at TRZ4-SD-002.  Eight surface samples exceeded an ERM-Q of 
1.17, with a maximum surface sediment concentration of 2.7 at Z4-36.  Ten subsurface sediment samples 
had ERM-Qs exceeding 1.17, with a maximum value in subsurface sediment of 2.8 at TRZ4-SD-005.  
Total PCB concentrations generally decreased with distance from the Quay Wall Study Area 
(Figure 2-23).  One sediment sample location (TRP1-SD-005) in the area of Outer Pier 1 not included in 
the non-time-critical removal action had elevated concentrations of PCBs, pesticides, metals, and PAHs 
and a subsurface sediment ERM-Q of 1.43 (Figure 2-24). 
 

2.5.2 Summary of Zone 4 Risks 

The most recent HHRA for Zone 4 surface water, shellfish, and finfish was part of the 1999 RI (Tetra 
Tech, 1999) and the most recent HHRA for Zone 4 soil and groundwater was part of the FS Addendum in 
2012 (Tetra Tech, 2012).  The most recent ERA was performed for Zone 4 and Outer Pier 1 sediment as 
part of the Thames River Validation Study (Battelle, 2008) to further evaluate risks to benthic 
invertebrates and piscivorous birds exposed to Zone 4 sediment.  
 

2.5.2.1 Summary of Human Health Risks 

Tables summarizing data used in the HHRA and associated results are presented in Appendix F.4.  
Tables 1 through 3 in Appendix F.4 for Zone 4 present EPCs for the COPCs identified at Zone 4 in 
surface soil, surface/subsurface soil, and groundwater.  Tables 4 and 5 in Appendix F.4 for Zone 4 
provide non-carcinogenic hazard information relevant to the Zone 4 COPCs for oral/dermal and inhalation 
routes of exposure, respectively.  Tables 6 and 7 in Appendix F.4 for Zone 4 provide carcinogenic risk 
information relevant to the Zone 4 COPCs for oral/dermal and inhalation exposure.   
 
Tables 8 through 12 in Appendix F.4 for Zone 4 provide RME cancer risk estimates for the significant 
receptors and routes of exposure developed by taking into account various conservative assumptions 
about the frequency and duration of exposure for each receptor and also about the toxicity of the 
COPCs.  Total carcinogenic risk estimates for the soil exposure routes were 1 x 10

-6
 for current and future 

construction workers, 4 x 10
-5

 for current full-time employees, 2 x 10
-5

 for future full-time employees, 3 x 
10

-4
 for child residents, 4 x 10

-5
 for adult residents, and 3 x 10

-4
 for lifetime residents.  Total carcinogenic 

risk estimates for groundwater direct exposure were 2 x 10
-7

 for current and future construction workers.  
The risk levels for current and future construction workers and full-time employees and hypothetical future 
adult residents indicate that if no cleanup action was taken, the increased probabilities of developing 
cancer as a result of site-related exposure would range from approximately 2 in 10,000,000 to 4 in 
100,000, within EPA’s acceptable risk range.  The risk levels for hypothetical child and lifetime residents 
indicate that if no cleanup action was taken, the increased probabilities of developing cancer as a result of 
site-related exposure would be approximately 3 in 10,000 for both receptors, which exceeds EPA’s 
acceptable risk range.  Carcinogenic PAHs in surface/subsurface soil were the major contributors to the 
unacceptable cancer risk estimates for hypothetical residents.  Arsenic was a minor contributor to 
unacceptable cancer risk estimates for hypothetical future child and lifetime residents; risk associated 
with arsenic alone (5 x 10

-6
) is within EPA’s acceptable risk range  
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FIGURE 2-22.  ZONE 4, COMMINGLED TPH CONCENTRATIONS 
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FIGURE 2-23.  ZONE 4 EXTENT OF CONTAMINATION 
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FIGURE 2-24.  OUTER PIER 1 EXTENT OF CONTAMINATION 
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Tables 8 through 12 in Appendix F.4 for Zone 4 also provide RME non-cancer HQs for each receptor and 
route of exposure and total HIs for all routes of exposure.  Total HIs for soil exposure routes were 0.3 for 
construction workers, 0.02 for current full-time employees, 0.02 for future full-time employees, 0.2 for child 
residents, and 0.02 for adult residents.  The total HI for groundwater direct exposure was 0.04 for 
construction workers.  HIs for all receptors under the RME scenario were less than unity (1).   
 
Risks from lead exposure were evaluated for child residents and construction workers and full-time 
employees.  Lead modeling for future child residents was performed using the IEUBK lead model, 
Version 1.1, Build 11, and lead modeling for construction workers and full-time employees, with the fetus 
of a pregnant worker as the receptor of concern, was performed using a slope-factor approach developed 
by the EPA TRW for Lead (2003a, 2009).  The average lead concentration in surface or 
surface/subsurface soil, which was 1,625 mg/kg for child residents and 1,840 mg/kg for construction 
workers and full-time employees, was used as the EPC, as recommended by the lead models.  Lead 
modeling indicated that the average lead concentration in surface/subsurface soil resulted in a range of 
2.9 to 55 percent of fetuses or children with blood-lead levels greater than 10 µg/dL.  The value for child 
residents (55 percent) exceeds the EPA goal of no more than 5 percent of children with blood-lead levels 
exceeding 10 µg/dL.  Results for construction workers and full-time employees do not exceed the EPA 
goal of no more than 5 percent of children or fetuses of exposed women with blood-lead levels exceeding 
10 µg/dL.  Lead modeling results are included as part of Appendix F.  
 
Although the lead models showed that average concentrations of lead would not be a hazard to workers, 
lead concentrations in localized areas of Zone 4 present acute risk to both current and future workers.  
Concentrations in some areas of Zone 4 are several times higher than the screening level for I/C site use 
(1,090 mg/kg).  The Navy made a decision based on the acute toxicity risks presented by lead to address 
lead contamination in Zone 4 soil under the current industrial scenario, as well as under the hypothetical 
future residential scenario.   
 
Concentrations of ethylbenzene and vinyl chloride in Zone 4 groundwater samples exceeded EPA 
screening levels for migration from groundwater to air and were evaluated for potential risks to 
hypothetical residents using EPA’s Johnson and Ettinger volatilization model (2003b).  The total 
carcinogenic risk estimate for this pathway was 4 x 10

-5 
for lifetime residents.  The total HI for this 

pathway was 0.1 for lifetime residents.  The results of the modeling indicated no cancer risks or non-
cancer hazards for the groundwater to air pathway.  Vapor intrusion modeling results are included as part 
of Appendix F.  
 
Based on the results of the HHRA, unacceptable risks were identified for current and future workers and 
for hypothetical future child and life-long residents.  
 

2.5.2.2 Summary of Ecological Risks 

Several metals, PAHs, pesticides, and PCBs were identified as COPCs that cause potential risk to 
benthic organisms in Zone 4 and adjacent Outer Pier 1 sediment, and four metals were identified as 
COPCs for potential risk to upper-trophic-level piscivorous birds in the SERA.  These COPCs were also 
evaluated in the BERA, which further evaluated risks to benthic invertebrates and piscivorous birds.  The 
Phase II RI and 1999 RI concluded that surface water Zone 4 does not pose unacceptable risk to 
ecological receptors. As previously summarized in Section 2.1.5.2, soil is not a medium of concern for 
ecological receptors. 
 
To evaluate sediment toxicity to benthic invertebrates (represented by amphipods), 28-day laboratory 
bioassays were conducted using surface sediment from Zone 4.  The bioassay results and corresponding 
sediment data were evaluated to determine impacts on survival, growth, and reproduction of the 
amphipods.  Organism survival rates in three of six Zone 4 sediment samples and growth rates in five of 
six sediment samples were statistically different than for samples from a reference area.  Zone 4 
reproduction was slightly greater than 50 percent of reference area reproduction.  Comparing Zone 4 and 
reference data, the chemical indices ERM-Q and metals ERM-Q showed the highest correlative fit with 
amphipod survival data.  Total PCBs and ERM-Q showed the highest correlative fit with amphipod growth 
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data.  Total PCB concentrations were the most appropriate indicators of reproduction toxicity.  Based on 
these correlations, thresholds for ERM-Q values, metals ERM-Q values, and total PCB concentrations 
associated with reduction in survival, growth, and production of offspring were developed.  Although these 
thresholds were developed using only Zone 4 and reference station data, they were also used to 
determine ecological risk posed by sediment at former Pier 1.  
 
For the food-chain model, site-specific bioaccumulation factors (BAFs) were calculated using chemical 
concentrations in whole-body fish tissue samples collected from former Pier 1 and an upstream reference 
area and sediment chemical concentrations for former Pier 1 and the upstream reference area.  Fish 
collection was not successful in Zone 4; therefore, BAFs were calculated for former Pier 1 and the 
upstream reference area and used for Zone 4.  The BAFs were then used as part of the exposure model 
to determine the exposure dose to piscivorous wildlife, and the exposure doses were then compared to 
toxicity data to determine risks to wildlife.  Based on food-chain modeling, no high magnitude risk to 
piscivorous birds was identified.  Low magnitude risk to piscivorous birds was shown for lead and zinc in 
Zone 4 and for mercury in Outer Pier 1.  However, further evaluation of the dose modeling suggested that 
lead and mercury do not pose unacceptable risk to piscivorous birds.  Potentially unacceptable risk exists 
from exposure of piscivorous birds to zinc in Zone 4 sediment along the quay wall.  Based on risks to 
piscivorous birds the No-Observed-Adverse-Effect Level (NOAEL) for zinc is 560 mg/kg and the Lowest-
Observed-Adverse-Effect Level (LOAEL) for zinc is 5,040 mg/kg.    
 

2.5.2.3 Basis for Action 

Unacceptable human health risks were estimated for hypothetical future residential exposure to soil in 
Zone 4 due to PAHs and lead and for current and future construction worker and full-time employee 
exposure to lead in Zone 4 soil.  Unacceptable ecological risks were estimated for benthic invertebrates 
and piscivorous birds exposed to metals, PAHs, pesticides, and PCBs in Zone 4 and Outer Pier 1 
sediment.  Because risks were identified under both current and future land use scenarios for human and 
ecological receptors, a response action is necessary to protect human health or the environment from 
actual or threatened releases of hazardous substances into the environment that may present an 
imminent and substantial endangerment.   
 

2.5.3 Remedial Action Objectives 

2.5.3.1 Zone 4 Soil 

The RAOs developed for Zone 4 soil considering current land use at NSB-NLON are as follows: 
 
 Prevent exposure of current and future full-time employees and construction workers to 

surface/subsurface soil containing concentrations of COCs greater than I/C PRGs.  
 
 Prevent migration of surface/subsurface soil COCs to groundwater that would result in concentrations 

greater than PRGs.  
 
 Prevent migration of surface/subsurface soil COCs as a result of erosion and sedimentation.  
 
The RAOs developed for Zone 4 soil considering hypothetical future land use at NSB-NLON are as 
follows: 
 
 Prevent exposure of hypothetical future residents to surface/subsurface soil containing concentrations 

of COCs greater than residential PRGs. 
 
 Prevent migration of surface/subsurface soil COCs to groundwater that would result in concentrations 

greater than PRGs.  
 
 Prevent migration of surface/subsurface soil COCs as a result of erosion and sedimentation. 
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No complete exposure pathways exist for ecological receptors for soil in Zone 4.  Unacceptable risks 
were identified for human receptors under both the current industrial and hypothetical future residential 
land use scenario.  To achieve the RAOs, human health cleanup goals were developed for each COC.   
 
Zone 4 residential direct exposure COCs are PAHs and lead, and Zone 4 pollutant mobility COCs are 
PAHs, arsenic, and lead.  Lead was the only direct exposure and pollutant mobility COC identified for 
Zone 4 under an industrial scenario.  COC-specific PRGs were developed through the process 
summarized in Section 2.1.8 and Tables 2-17 and 2-18 (residential) and Tables 2-19 and 2-20 (I/C) 
below.  The PRGs developed in the FS Addendum were selected as the COC-specific RGs for soil in 
Zone 4 and are identified in Tables 2-17, 2-18, 2-19, and 2-20.  Figure 2-25 displays the total areal extent 
of soil containing concentrations of COCs greater than the direct exposure and pollutant mobility RGs for 
residential site use and Figure 2-26 displays the total areal extent of soil containing concentrations of 
COCs greater than the direct exposure and pollutant mobility RGs for I/C site use.  The methodology 
used to determine these areas is detailed in the FS Addendum.   
 
Estimates of the volume of contaminated soil were generated during the FS Addendum after calculation 
of RGs.  As required by CTDEEP RSRs, soil to a depth of 15 feet bgs containing concentrations of COCs 
greater than residential direct exposure RGs and soil to the depth of the mean high water table containing 
concentrations of COCs greater than the pollutant mobility RGs for residential site use was evaluated in 
the calculation of the volume of contaminated soil for the hypothetical residential scenario.  Soil to a depth 
of 2 feet bgs beneath pavement and 4 feet bgs in unpaved areas containing concentrations of COCs 
greater than direct exposure PRGs for I/C site use and soil to the depth of mean high water table 
containing concentrations of COCs greater than the pollutant mobility PRGs for I/C site use was 
evaluated in the calculation of the volume of contaminated soil for the I/C scenario.  Zone 4 contains soil 
with concentrations of COCs that pose both an industrial and residential human health risk.  The volume 
of contaminated soil required to be addressed to eliminate risk to residential receptors is approximately 
11,480 cy and the volume of contaminated soil required to be addressed to eliminate risk to industrial 
receptors is approximately 1,780 cy.  
 

2.5.3.2 Zone 4 and Outer Pier 1 Sediment 

The results of the BERA, discussed in Section 2.5.2.2, indicate that contaminants in sediment in Zone 4 
and Outer Pier 1 pose potentially unacceptable risks to benthic organisms and piscivorous birds.  No 
complete exposure pathways exist for human receptors for sediment and surface water in Zone 4/Outer 
Pier 1.  The RAOs developed for Zone 4 and Outer Pier 1 sediment considering the current I/C land use 
along the NSB-NLON waterfront and surrounding areas are as follows: 
 
 Reduce risks to benthic aquatic organisms from exposure to bioavailable/bioaccessible COCs in 

Thames River sediment at Zone 4 and Outer Pier 1 to acceptable levels. 
 
 Reduce risks to piscivorous birds from food-chain exposure to bioavailable/bioaccessible COCs in 

Thames River sediment at Zone 4 and Outer Pier 1 to acceptable levels. 
 
 Mitigate the potential for bioavailable/bioaccessible COCs in Thames River sediment at Zone 4 and 

Outer Pier 1 to migrate to less impacted areas of the Thames River and cause adverse effects to 
receptors. 

 
PRGs for sediment for Zone 4 and Outer Pier 1, identified below, were developed based on the results of 
sediment toxicity tests and analytical data NOECs and LOECs.  For the BERA, sediment toxicity tests 
were conducted on sediment samples collected from six site locations from Zone 4 and six reference 
locations.  The results of site samples were compared to the results of reference samples to determine 
whether survival, growth and/or reproduction of sediment invertebrates was reduced in the site samples 
compared to the reference samples.  The chemical data were then evaluated to determine which 
chemicals (and their associated concentrations) could be related to the toxicity test results.  To 
characterize risk for benthic invertebrates, regression analyses were conducted for each endpoint 
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TABLE 2-17.  DEVELOPMENT OF DIRECT EXPOSURE RGS FOR RESIDENTIAL SITE USE FOR ZONE 4 COCS 

 

Number of 

Samples

CT 

Residential 

RSR

Value Based 

on Risk 

between 10-6  

and 10-4 

(Resident)(3)

Value Based 

on HI = 1.0 

(Resident)(3)

Benzo(a)anthracene 5.3 14 4.2  0.02 NA 1 0.15 - 15 NA 1 CT DEC RSR

Benzo(a)pyrene 4.3 14 2.3  0.02 NA 1 0.015 - 1.5 NA 1 CT DEC RSR

Benzo(b)fluoranthene 4.3 14 2.3  0.02 NA 1 0.15 - 15 NA 1 CT DEC RSR

Dibenzo(a,h)anthracene 1.5 14 1.2  0.02 NA 1 0.015 - 1.5 NA 1 CT DEC RSR

Indeno(1,2,3-cd)pyrene 3.4 14 1.8  0.02 NA 1 0.15 - 15 NA 1 CT DEC RSR

Lead 10,600 J 25 3,338  0.5 17.5 400 400(4) 400(4) 400 CT DEC RSR

Cumulative Risk(5)

All concentrations are in milligrams per kilogram (mg/kg) unless otherwise indicated

1

2 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 

3 Risk values based on HHRA for hypothetical child residents, hypothetical adult residents, or hypothetical lifelong residents.

4 The OSWER target action level for lead is based on the estimated concentration of lead in the blood of a resident.  

Lead is evaluated separately from the other chemicals.  It is not included in risk totals.

5 Incremental lifetime cancer risk to future residents after remediation. 

J Estimated value

NA Not applicable 

Detection 

Limit (2)

Background 

Concentration
95% UCL (1)

95-percent upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil 

were calculated in accordance with the methodology used in the HHRA. 

Surface and Subsurface Soil

(0 to 15 feet bgs) Direct Exposure

1 x 10-4

Selected RG

COCs
Value BasisMaximum 

Concentration

Potential RGs



NSB – New London OU4, Lower Subase – Zones 1 through 7 
 Sites 10, 11, 13, 17, 19, 21, 22, 24, and 25 ROD 

 103 August 2012 

TABLE 2-18.  DEVELOPMENT OF POLLUTANT MOBILITY RGS FOR RESIDENTIAL SITE USE FOR ZONE 4 COCS 

 

Number of 

Samples

Alternative GB 

PMC for 

Residential 

Scenario(6)

Value Basis (7)

Benzo(a)anthracene (mg/kg) 5.3 14 4.2 0.02 1 3.4 3.4 Alternative PMC

Benzo(b)fluoranthene (mg/kg) 4.3 14 2.3 0.02 1 2.2 2.2 Alternative PMC

Lead(4) (mg/L) 2.18 14 0.92 0.005 0.15 0.07 0.15 CT PMC RSR

Lead(5) (mg/L) 150 J 11 NA 0.005 0.15 0.07 0.15 CT PMC RSR

All concentrations are in milligrams per kilogram (mg/kg) unless otherwise indicated.

2

3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 

4 Results of SPLP

5 Results of TCLP

6 In areas with GB groundwater, and where no NAPL is present, CTDEEP allows for calculation of site-specific Alternative PMC.  

The Alternative PMC for residential site use was determined assuming no pavement would be present to reduce infiltration.

7 The Alternative PMC was used as the RG when it was greater than the CT RSR PMC. 

When the calculated Alternative PMC value was lower than the CT RSR PMC value, the CT RSR PMC was used as the RG. 

J Estimated value

NA Not applicable 

95-percent upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of 

soil were calculated in accordance with the methodology used in the HHRA. 

Maximum 

Concentration

Soil mass concentrations shown as mg/kg.  Results of Synthetic Leaching Procedure (SPLP) or Toxicity Characteristic Leaching 

Procedure (TCLP) shown in milligrams per liter (mg/L).

Pollutant Mobility

CT PMC RSR 

(GB 

Groundwater)

Detection 

Limit (3)Units (1)

Surface and Subsurface Soil

(0 feet bgs to water table)

95% UCL (2)

1

Selected RG
Potential RGs

COCs  
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TABLE 2-19.  DEVELOPMENT OF DIRECT EXPOSURE RGS FOR INDUSTRIAL/COMMERCIAL SITE USE FOR ZONE 4 COCS 

 

 

Number of 

Samples
CT I/C RSR

Value Based 

on Adult Lead 

Model

Value Based 

on Adult Lead 

Model

Lead 10,600 J 9 4,740 0.5 17.5 1,000 1,090
Target Action 

Level

All concentrations are expressed in milligrams per kilogram (mg/kg).

1

2 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 

3

chemicals.  It is not included in risk totals.

4 Cumulative risk in Zone 4 meets the EPA requirement of ≤ 1 x 10-4.  See the FS Addendum (Tetra Tech, 2011) for Zone 4 calculations. 

NA

(0 to 2 feet bgs)

95% UCL (1)

Potential RGs

Detection 

Limit (2)

Background 

Concentration

Direct Exposure

1,090(3)

Not applicable 

COC

95-percent upper confidence levels (UCLs) of the arithmetic means of all surface sample results of laboratory analyses of soil were 

calculated in accordance with the methodology used in the HHRA. 

Value Basis (4)
Maximum 

Concentration

Site-specific PRG for an industrial worker derived using USEPA's adult lead methodology.  Lead is evaluated separately from the other 

Selected RGSurface Soil
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TABLE 2-20.  DEVELOPMENT OF POLLUTANT MOBILITY RGS FOR INDUSTRIAL/COMMERCIAL SITE USE FOR ZONE 4 COCS 

 

Number of 

Samples

Alternative GB 

PMC for I/C 

Scenario(5)

Value Basis (6)

150 11 0.07 0.15 0.24 0.24 Alternative PMC

2.18 14 0.92 0.005 0.15 0.24 0.24 Alternative PMC

All concentrations are in milligrams per liter (mg/L) unless otherwise indicated.

1

2 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 

3 Results of Toxicity Characteristic Leaching Procedure (TCLP). 

4 Results of Synthetic Leaching Procedure (SPLP). 

5 In areas with GB groundwater, and where no NAPL is present, CTDEEP allows for calculation of site-specific Alternative PMC.  

The Alternative PMC for industrial/commerical site use was determined assuming pavement would be present to reduce infiltration.

6 The Alternative PMC was used as the RG when it was greater than the CT RSR PMC. 

When the calculated Alternative PMC value was lower than the CT RSR PMC value, the CT RSR PMC was used as the RG. 

NA Not Applicable

95-percent upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were calculated 

in accordance with the methodology used in the HHRA. 

Selected RG
Pollutant Mobility

Not Determined

Potential RGs

Detection 

Limit (2)

Lead(3)

Lead(4)

95% UCL (1)

Surface and Subsurface Soil

(0 feet bgs to water table)

COCs  
Maximum 

Concentration

CT PMC RSR 

(GB 

Groundwater)
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FIGURE 2-25.  ZONE 4 AREA THAT EXCEEDS RESIDENTIAL RGS 
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FIGURE 2-26.  ZONE 4 AREA THAT EXCEEDS INDUSTRIAL/COMMERCIAL RGS 
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compared to individual chemicals, sums of chemicals (i.e., total PCBs), and chemical indices (e.g., ERM-
Qs).  The ERM-Q calculations were limited to those chemical constituents identified as COPCs in the 
ecological screening assessment.  A 50 percent reduction in reproduction was selected as the PRG for 
ERM-Q.  A 50 percent reduction in reproduction was initially selected as the PRG for total PCBs 
(208 µg/kg); however, the New London Partnering Team reached a consensus that the PRG for total 
PCBs should be adjusted from 208 µg/kg to 1,000 μg/kg, which is consistent with CERCLA risk-based 
standards for PCBs in sediment and does not pose an unreasonable risk of injury to human health or the 
environment under the Toxic Substances Control Act (TSCA).  Based on this evaluation, the following 
PRGs were developed: 
 

ERM-Q – 1.17 (unitless) 
Total PCBs – 1,000 µg/kg 

 
These PRGs were selected as the RGs for Zone 4 sediment.  Estimates of the volume of contaminated 
sediment were generated during the FS Addendum after calculation of RGs and selection of COCs.  A 
PDI will be conducted prior to remedy implementation to further refine the extent of sediment 
contamination; the actual volume of contaminated sediment will be calculated based on the results of the 
PDI.  Zone 4 and Outer Pier 1 contain sediment with concentrations of COCs that pose an ecological risk.  
Based on the currently available data, the volume of contaminated sediment in Zone 4 and Outer Pier 1 
that needs to be addressed to eliminate ecological risk is approximately 23,160 cy.  Figures 2-23 and 
2-24 identify Zone 4 and Outer Pier 1 containing sediment with concentrations of COCs greater than 
ecological RGs.   
 

2.5.4 Description and Comparative Analysis of Alternatives – Zone 4 Soil  

2.5.4.1 Description of Alternatives – Zone 4 Soil  

The preliminary technology screening evaluation conducted in the FS for soil is presented in Table 2-3 in 
Section 2.1.9.  The Zone 4 technologies and process options retained after detailed screening were 
assembled into seven soil alternatives.  Consistent with the NCP, the no action alternative was evaluated 
as a baseline for comparison with other alternatives during the comparative analysis.  Table 2-21 
describes the major components and provides estimated costs for each remedial alternative identified for 
Zone 4 soil.   

 

TABLE 2-21.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED – ZONE 4 SOIL  

ALTERNATIVE COMPONENTS DETAILS COST 

Alternative S-4.1: 

No Action  

No action to address 
contaminated soil and no 
use restrictions.  

Five-year reviews  Five-year reviews would be conducted 
because contamination would remain in 
place at levels that do not allow for 
unrestricted use and unlimited exposure. 

Capital: $0 

Every 5 Years: 
$25,000 

30-Year NPW: 
$104,000 

Discount Rate: 
2.3% 

Time Frame: NA 

Alternative S-4.2: 

LUCs (Engineering and 
Engineered Controls, 
Institutional Controls, 
and Inspections) and 
Monitoring 

Instituting CERCLA LUCs, 
which include engineering 
and engineered controls, 
institutional controls and 
inspecting/maintaining 

LUCs, including 
engineering 
engineered 
controls, controls, 
institutional 
controls, and 
inspections 

Storm sewer upgrades and maintenance 
would be needed at locations where storm 
sewer lines pass through contaminated soil  

(140 lf).  An implementable LUC boundary 
would be created to encompass the 46,680 
sf of soil where residential RGs were 
exceeded.  The LUC boundary is 
approximately 61,100 sf.  Within the 61,100 
sf LUC boundary, building foundations and 
36,000 sf of pavement would be maintained 
through CERCLA risk-based engineering 
controls and institutional controls to meet 

Capital: $70,000 

1
st

 and 2
nd

 Year: 
$51,000 

3
rd

 and 4
th

 Year: 
$37,000 

Every 5 Years: 
$68,000 

Annually All Other 
Years: 

$11,000 

30-Year NPW: 
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TABLE 2-21.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED – ZONE 4 SOIL  

ALTERNATIVE COMPONENTS DETAILS COST 

building foundations and 
pavement, and monitoring 
groundwater wells. 

residential RGs.  Within the 61,100 sf of 
LUCs, a 13,100 sf area contains soil with 
concentrations of COCs greater than the 
I/C RGs.  Pavement in this 13,100 sf area 
would be maintained through CTDEEP 
RSR engineered controls to meet I/C direct 
exposure and pollutant mobility RGs.  Soil 
beneath Building 79 contains 
concentrations of COCs that exceed the I/C 
RGs; however, this soil is considered 
inaccessible under CTDEEP RSRs and the 
CERCLA LUC in place in this area would 
meet CTDEEP RSRs.  

$666,000 

Discount Rate: 
2.3% 

Time Frame: 3 
months

 

Long-term 
monitoring 

Groundwater monitoring for all COCs that 
exceed residential RGs would be quarterly 
for the first 2 years, semi-annually for the 
next 2 years, annually the fifth year, and 
every 5 years thereafter to confirm that the 
remedy remains protective and that 
contaminants are not migrating to 
groundwater.  

Five-year reviews Five-year reviews would be conducted 
because contamination would remain in 
excess of levels that allow for unrestricted 
use and unlimited exposure.  

 

Alternative S-4.3: 

Capping to Allow I/C Site 
Use and Prevent 
Leaching, LUCs 
(Engineering and 
Engineered Controls, 
Institutional Controls, 
and Inspections) and 
Monitoring 

Cap installation, institution 
of CERCLA LUCs, which 
include engineering and 
engineered controls, 
institutional controls and 
inspecting/maintaining 
building foundations and 
pavement, and monitoring 
groundwater wells. 

Capping to allow 
I/C site use and 
prevent leaching 

Cap installation includes excavation to a 
depth of 2 feet over a 11,600 sf area, 730 
cy of off-site soil disposal, installation of 
8,720 sf of geomembrane.    

Capital: $774,000 

1
st

 and 2
nd

 Year: 
$50,000 

3
rd

 and 4
th

 Year: 
$36,000 

Every 5 Years: 
$68,000 

Annually All Other 
Years: 

$10,000 

30-Year NPW: 
$1,354,000 

Discount Rate: 
2.3% 

Time Frame
1
: 2 

months, in addition 
to LUCs and 
planning 

LUCs, including 
engineering and 
engineered 
controls, 
institutional 
controls, and 
inspections 

An implementable LUC boundary would be 
created to encompass the 46,680 sf of soil 
where residential RGs were exceeded.  
The LUC boundary is approximately 61,100 
sf.  Within the 61,100 sf LUC boundary, 
building foundations and 36,000 sf of 
pavement would be maintained through 
CERCLA risk-based engineering controls 
and institutional controls to meet residential 
RGs.  Within the 61,100 sf of LUCs, a 
8,720 sf area contains soil with 
concentrations of COCs greater than the 
I/C RGs.  Pavement in this 8,720 sf area 
would be maintained through CTDEEP 
RSR engineered controls to meet I/C RGs.  
Soil beneath Building 79 contains 
concentrations of COCs that exceed the I/C 
RGs; however, this soil is considered 
inaccessible under CTDEEP RSRs and the 
CERCLA LUC in place in this area would 
meet CTDEEP RSRs.  
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TABLE 2-21.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED – ZONE 4 SOIL  

ALTERNATIVE COMPONENTS DETAILS COST 

Long-term 
monitoring 

Groundwater monitoring for all COCs that 
exceed residential RGs would be quarterly 
for the first 2 years, semi-annually for the 
next 2 years, annually the fifth year, and 
every 5 years thereafter to confirm that the 
remedy remains protective and that 
contaminants are not migrating to 
groundwater.  

Five-year reviews Five-year reviews would be conducted 
because contamination would remain in 
excess of levels that allow for unrestricted 
use and unlimited exposure.  

 

Alternative S-4.4: 

In-Situ Treatment 
(Enhanced 
Bioremediation or 
Stabilization/ 

Solidification) to Meet 
Alternative GB PMCs for 
I/C Site Use, LUCs 
(Engineering Controls, 
Institutional Controls, 
and Inspections) and 
Monitoring 

In-Situ treatment, 
instituting CERCLA LUCs, 
which include engineering 
and institutional controls 
and inspecting/maintaining 
building foundations and 
pavement, and monitoring 
groundwater wells. 

In-situ treatment 
(enhanced 
bioremediation or 
stabilization/ 

solidification) to 
allow I/C site use 
and meet pollutant 
mobility RGs for 
I/C site use 

In-situ treatment includes excavation of 
asphalt over a 13,100 sf area (240 cy), 
treatment of 1,780 cy of lead-contaminated 
soil with Portland cement, treatment of 20 
cy of soil with commingled TPH and lead 
using an oxygen release compound (ORC) 
such as magnesium peroxide, and disposal 
of 120 cy of excess soil.   

Capital: $953,000 

1
st

 Year: $48,000 

2
nd

 Year:  

$45,000 

3
rd

 and 4
th

 Year: 
$31,000 

Every 5 Years: 
$50,000 

Annually All Other 
Years: 

$9,000 

30-Year NPW: 
$1,424,000 

Discount Rate: 
2.3% 

Time Frame
1
: 16 

months, in addition 
to LUCs and 
planning  

LUCs, including 
engineering 
controls, 
institutional 
controls, and 
inspections 

An implementable LUC boundary would be 
created to encompass the 46,680 sf of soil 
where residential RGs were exceeded.  
The LUC boundary is approximately 61,100 
sf.  Within the 61,100 sf LUC boundary, 
building foundations and 36,000 sf of 
pavement would be maintained through 
CERCLA risk-based engineering controls 
and institutional controls to meet residential 
RGs. 

Long-term 
monitoring 

Groundwater monitoring for all COCs that 
exceed residential RGs would be quarterly 
for the first 2 years, semi-annually for the 
next 2 years, annually the fifth year, and 
every 5 years thereafter to confirm that the 
remedy remains protective and that 
contaminants are not migrating to 
groundwater.  

Five-year reviews Five-year reviews would be conducted 
because contamination would remain in 
excess of levels that allow for unrestricted 
use and unlimited exposure.  
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TABLE 2-21.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED – ZONE 4 SOIL  

ALTERNATIVE COMPONENTS DETAILS COST 

Alternative S-4.5A: 

Excavation to Meet I/C 

Direct Exposure PRGs, 
Off-Site Disposal, LUCs 
(Engineering and 
Engineered Controls, 
Institutional Controls, 
and Inspections) and 
Monitoring 

Excavation and Off-Site 
Disposal, instituting 
CERCLA LUCs, which 
include engineering and 
engineered controls, 
institutional controls and 
inspecting/maintaining 
building foundations and 
pavement, and monitoring 
groundwater wells. 

Excavation to meet 
direct exposure 
RGs for I/C site 
use and off-site 
disposal 

Excavation to a depth of 2 feet over a 
11,600 sf area and off-site disposal of 645 
cy of soil.   

Capital: $629,000 

1
st

 and 2
nd

 Year: 
$51,000 

3
rd

 and 4
th

 Year: 
$37,000 

Every 5 Years: 
$68,000 

Annually All Other 
Years: 

$11,000 

30-Year NPW: 
$1,225,000 

Discount Rate: 
2.3% 

Time Frame
1
: 1.5 

months, in addition 
to LUCs and 
planning  

LUCs, including 
engineering and 
engineered 
controls, 
institutional 
controls, and 
inspections 

Storm sewer upgrades and maintenance 
would be needed at locations where storm 
sewer lines pass through contaminated soil 
(140 lf).    An implementable LUC boundary 
would be created to encompass the 46,680 
sf of soil where residential RGs were 
exceeded.  The LUC boundary is 
approximately 61,100 sf.  Within the 61,100 
sf LUC boundary, building foundations and 
36,000 sf of pavement would be maintained 
through CERCLA risk-based engineering 
controls and institutional controls to meet 
residential RGs.  Within the 61,100 sf of 
LUCs, a 13,100 sf area contains soil with 
concentrations of COCs greater than the 
I/C RGs.  Pavement in this 13,100 sf area 
would be maintained through CTDEEP 
RSR engineered controls to meet I/C RGs.  
Soil beneath Building 79 contains 
concentrations of COCs that exceed the I/C 
RGs; however, this soil is considered 
inaccessible under CTDEEP RSRs and the 
CERCLA LUC in place in this area would 
meet CTDEEP RSRs.  

Long-term 
monitoring 

Groundwater monitoring for all COCs that 
exceed residential RGs would be quarterly 
for the first 2 years, semi-annually for the 
next 2 years, annually the fifth year, and 
every 5 years thereafter to confirm that the 
remedy remains protective and that 
contaminants are not migrating to 
groundwater.  

Five-year reviews Five-year reviews would be conducted 
because contamination would remain in 
excess of levels that allow for unrestricted 
use and unlimited exposure.  

 

Alternative S-4.5B: 
Excavation to Meet I/C 
PRGs, Off-Site Disposal, 
LUCs (Engineering 
Controls, Institutional 
Controls, and 

Excavation to meet 
direct exposure 
and pollutant 
mobility RGs for 
I/C site use, and 
off-site disposal  

Excavation to a depth of 5 feet over a 
13,100 sf area and off-site disposal of 
1,780 cy of soil.   

Capital: $1,296,000 

1
st

 and 2
nd

 Year: 
$45,000 

3
rd

 and 4
th

 Year: 
$31,000 
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TABLE 2-21.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED – ZONE 4 SOIL  

ALTERNATIVE COMPONENTS DETAILS COST 

Inspections) and 
Monitoring 

Excavation and Off-Site 
Disposal, instituting 
CERCLA LUCs, which 
include engineering and 
institutional controls and 
inspecting/maintaining 
building foundations and 
pavement, and monitoring 
groundwater wells. 

LUCs, including 
engineering 
controls, 
institutional 
controls, and 
inspections 

An implementable LUC boundary would be 
created to encompass the 46,680 sf of soil 
where residential RGs were exceeded.  
The LUC boundary is approximately 61,100 
sf.  Within the 61,100 sf LUC boundary, 
building foundations and 36,000 sf of 
pavement would be maintained through 
CERCLA risk-based engineering controls 
and institutional controls to meet residential 
RGs.    

Every 5 Years: 
$50,000 

Annually All Other 
Years: 

$9,000 

30-Year NPW: 
$1,763,000 

Discount Rate: 
2.3% 

Time Frame
1
: 3 

months, in addition 
to LUCs and 
planning 

Long-term 
monitoring 

Groundwater monitoring for all COCs that 
exceed residential RGs would be quarterly 
for the first 2 years, semi-annually for the 
next 2 years, annually the fifth year, and 
every 5 years thereafter to confirm that the 
remedy remains protective and that 
contaminants are not migrating to 
groundwater.  

Five-year reviews Five-year reviews would be conducted 
because contamination would remain in 
excess of levels that allow for unrestricted 
use and unlimited exposure.  

 

Alternative S-4.6: 

Excavation to Meet 
Residential PRGs, On-
Site Dewatering, and Off-
Site Disposal  

 

Excavation to meet 
residential direct exposure 
PRGs to 15 feet bgs and 
pollutant mobility PRGs 
from the ground surface to 
groundwater level, de-
watering excavated soil on 
site, and off-site disposal 
of contaminated soil.  

Excavation to meet 
direct exposure 
and pollutant 
mobility RGs for 
residential site use. 

Excavation of approximately 11,480 cy of 
soil over approximately 46,680 sf up to 15 
feet bgs with COC concentrations 
exceeding residential PRGs.  No LUCs or 
monitoring would be required because all 
contamination exceeding the residential 
PRGs would be removed.  

Capital: $5,001,000 

NPW: $5,001,000 

Time Frame
1
: 4 

months; in addition 
to planning  

On-site dewatering Excavation would extend below the water 
table, beyond an average depth of 6 feet 
bgs.  Wet soil would require gravity-
induced passive dewatering by on-site 
stockpiling prior to off-site disposal. 
Drainage water would be treated and 
discharged to the Thames River.  

Off-site disposal Excavated material would be sampled to 
determine the proper disposal method.  

1 The estimated time frame listed in Table 2-21 is for the duration of construction activities only.  Additional 
time would be required to prepare the necessary work plan and other administrative documents.   

 

2.5.4.2 Comparative Analysis of Zone 4 Soil Alternatives 

Tables 2-22 and subsequent text in this section summarize the comparison of Zone 4 soil remedial 
alternatives with respect to the nine CERCLA evaluation criteria outlined in the NCP at 40 CFR  
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TABLE 2-22.  SUMMARY OF COMPARATIVE ANALYSIS OF ZONE 4 SOIL ALTERNATIVES 

CERCLA 

CRITERION 

ALTERNATIVE 

S-4.1: 

NO ACTION 

ALTERNATIVE 

S-4.2: LUCS 

(ENGINEERING 

AND 

ENGINEERED 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE 

S-4.3: 

CAPPING TO 

ALLOW I/C 

SITE USE AND 

PREVENT 

LEACHING, 
LUCS 

(ENGINEERING 

AND 

ENGINEERED 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE S-4.4: 

IN-SITU TREATMENT 

(ENHANCED 

BIOREMEDIATION OR 

STABILIZATION/ 

SOLIDIFICATION) TO 

MEET ALTERNATIVE GB 

PMCS FOR I/C SITE 

USE , LUCS 

(ENGINEERING 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, AND 

INSPECTIONS) AND 

MONITORING 

ALTERNATIVE 

S-4.5A: 

EXCAVATION TO 

MEET I/C 

DIRECT 

EXPOSURE 

PRGS, OFF-
SITE DISPOSAL, 

LUCS 

(ENGINEERING 

AND 

ENGINEERED 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE 

S-4.5B: 
EXCAVATION TO 

MEET I/C 

PRGS, OFF-
SITE DISPOSAL, 

LUCS 

(ENGINEERING 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE 

S-4.6: 

EXCAVATION TO 

MEET 

RESIDENTIAL 

PRGS, ON-SITE 

DEWATERING, 
AND OFF-SITE 

DISPOSAL  

Overall 
Protection of 
Human Health 
and the 
Environment 

 * ● ● * ● ● 

Compliance with 
Applicable or 
Relevant and 
Appropriate 
Requirements 

 * ● ● * ● ● 

Long-Term 
Effectiveness 
and Permanence 

  ● ●  ● ● 

Reduction of 
Toxicity, Mobility, 
and Volume 
through 
Treatment 

   

Would reduce lead 
toxicity and mobility by 

in-situ chemical 
stabilization/solidification 
and reduce commingled 

  

Only treatment of 
water from the 
dewatering 
process.  
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TABLE 2-22.  SUMMARY OF COMPARATIVE ANALYSIS OF ZONE 4 SOIL ALTERNATIVES 

CERCLA 

CRITERION 

ALTERNATIVE 

S-4.1: 

NO ACTION 

ALTERNATIVE 

S-4.2: LUCS 

(ENGINEERING 

AND 

ENGINEERED 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE 

S-4.3: 

CAPPING TO 

ALLOW I/C 

SITE USE AND 

PREVENT 

LEACHING, 
LUCS 

(ENGINEERING 

AND 

ENGINEERED 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE S-4.4: 

IN-SITU TREATMENT 

(ENHANCED 

BIOREMEDIATION OR 

STABILIZATION/ 

SOLIDIFICATION) TO 

MEET ALTERNATIVE GB 

PMCS FOR I/C SITE 

USE , LUCS 

(ENGINEERING 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, AND 

INSPECTIONS) AND 

MONITORING 

ALTERNATIVE 

S-4.5A: 

EXCAVATION TO 

MEET I/C 

DIRECT 

EXPOSURE 

PRGS, OFF-
SITE DISPOSAL, 

LUCS 

(ENGINEERING 

AND 

ENGINEERED 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE 

S-4.5B: 
EXCAVATION TO 

MEET I/C 

PRGS, OFF-
SITE DISPOSAL, 

LUCS 

(ENGINEERING 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE 

S-4.6: 

EXCAVATION TO 

MEET 

RESIDENTIAL 

PRGS, ON-SITE 

DEWATERING, 
AND OFF-SITE 

DISPOSAL  

TPH by enhanced 
bioremediation.   

Short-Term 
Effectiveness   ● ●  ● ● 

Implementability ● ● ● ● ● ● ● 

Total Cost 
(Present Net 
Worth) 

$104,000 $666,000 $1,354,000 $1,424,000 $1,225,000 $1,763,000 $5,001,000 

State 
Acceptance

NA NA ● ● NA ● ● 
Community 
Acceptance

NA NA ● ● NA ● ● 
 - Meets the criterion.    - Does not meet the criterion.    NA - Not applicable. 

* Alternatives S-4.2 and S-4.5A were developed and carried through alternative evaluation even though they did not meet threshold 

criteria.  This was done because compliance with the criteria was not able to be determined until the FS Addendum was near completion.  
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300.430(e)(9)(iii) and categorized as threshold, primary balancing, and modifying criteria.  Further 
information on the detailed comparison of remedial alternatives is presented in the FS Addendum. 
 

Threshold Criteria 

Overall Protection of Human Health and the Environment.  Alternative S-4.1 would not be protective 
of human health or the environment because no action would be conducted to address site risks.   
 
Alternatives S-4.2 and S-4.5A would not be protective because pavement would not limit leaching of soil 
contaminants to groundwater.  Alternatives S-4.3, S-4.4, and S-4.6 would be protective of human health 
and the environment.  Alternatives S-4.3 and S-4.4 would be protective because an impermeable barrier 
(Alternative S-4.3) or stabilization/solidification (Alternative S-4.4) would minimize leaching of soil 
contaminants to groundwater.  Alternative 4.5B would be protective because all soil exceeding I/C PRGs 
would be permanently removed from Zone 4.  Alternative S-4.6 would be protective because soil causing 
a residential human health risk would be permanently removed from Zone 4.   
 
Compliance with ARARs.  ARARs include any federal or state standards, requirements, criteria, or 
limitations determined to be legally applicable or relevant and appropriate to the site or remedial action.  
Alternatives S-4.1, S-4.2, and S-4.5A would not comply with chemical-specific ARARs.  Alternatives S-
4.3, S-4.4, S-4.5B, and S-4.6 would comply with all chemical-, location-, and action-specific ARARs as 
long as water generated through the dewatering process in S-4.6 is adequately treated prior to disposal in 
the Thames River and excavated soil is tested and disposed of properly.  Alternatives S-4.3, S-4.4, and 
S-4.5B use the same PRGs that have been determined by the Navy and EPA and would not pose 
unreasonable risk of injury to health or the environment under I/C site use.  Alternative S-4.6 uses 
different PRGs that have been determined by the Navy and EPA and would not pose unreasonable risk of 
injury to health or the environment under residential site use.  
 

Primary Balancing Criteria 

Long-Term Effectiveness and Permanence.  Alternative S-4.1 would have no long-term effectiveness 
or permanence because no contaminant removal or contact restrictions would occur.  Alternatives S-4.2 
and S-4.5A may not have long-term effectiveness and permanence because pavement may not 
effectively reduce pollutant mobility to meet PRGs.  
 
Alternative S-4.3 would provide long-term effectiveness and permanence because the cap would 
permanently prevent direct exposure and infiltration.  Alternative S-4.4 would provide long-term 
effectiveness and permanence because stabilization/solidification would reduce leachability of 
contaminants from soil and pavement would prevent direct exposure.  Alternative 4.5B would be more 
effective than Alternatives S-4.3 and S-4.4, because under Alternative S-4.5B soil exceeding I/C 
concentrations to the depth of groundwater would be permanently removed from Zone 4.  
 
Alternatives S-4.3, S-4.4, and S-4.5B would also require engineered and institutional controls to be 
effective and permanent remedies in the long term.  LUCs implemented under these alternatives would 
prevent site development for other uses that could result in unacceptable exposure for future site users to 
site contamination, and long-term monitoring and O&M, along with five-year reviews, would ensure the 
adequacy of these remedies to protect human receptors and underlying groundwater from contamination 
left in place.  Five-year reviews for Alternatives S-4.3, S-4.4, and S-4.5B would ensure that LUCs 
remained protective by preventing residential exposure to remaining contaminants throughout Zone 4.  
 
Alternative S-4.6 would provide the most long-term effectiveness and permanence because soil causing 
residential human health risk would be permanently removed from Zone 4.   
 
Reduction in Toxicity, Mobility, or Volume Through Treatment.  Alternative S-4.4 would reduce lead 

toxicity and mobility by in-situ chemical stabilization/solidification.  None of the other alternatives would 
use treatment to reduce the toxicity, mobility, or volume of COCs, except the treatment of water that 
would be generated from the dewatering process under Alternative S-4.6. 
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Short-Term Effectiveness.  A factor in determining short-term effectiveness is the time until remedial 
response objectives are achieved.  Because Alternatives S-4.1, S-4.2, and S-4.5A would never meet the 
RAOs, these alternatives do not meet the criterion of short-term effectiveness. 
 
Implementation of Alternatives S-4.3, S-4.5A, S-4.5B, and S-4.6 would expose remedial construction 
workers to contaminated soil, dust, and physical risks during soil excavation, and Alternatives S-4.5A, 
S-4.5B, and S-4.6 would expose the community to contaminated soil during transportation for off-site 
disposal.  Implementation of Alternative S-4.4 might expose remedial construction workers to 
contaminated soil during treatment.  Alternative S-4.5B would expose remedial construction workers to 
more contaminated soil than Alternatives S-4.3 and 4-5A because more soil would be excavated, and 
Alternative S-4.6 would expose remedial construction workers to more contaminated soil than 
Alternatives S-4.3, S-4.5A, and S-4.5B because the most soil would be excavated during Alternative 
S-4.6.  Implementation of Alternatives S-4.2, S-4.3, S-4.4, S-4.5A and S-4.5B would also expose remedial 
construction workers to groundwater during sampling. Implementation of Alternative S-4.6 would also 
expose remedial construction workers to physical risks during dewatering.  Alternatives S-4.3 and S-4.5A 
are the most effective alternatives in the short-term because they involve less soil excavation and could 
be completed much faster than Alternatives S-4.4, S-4.5B, or S-4.6.  Alternative S-4.5B would be more 
effective in the short term than either S-4.4 or S-4.6, because Alternative S-4.4 consists of in-place 
treatment of contaminated soil, which could expose remedial construction workers to more contaminated 
soil and physical hazards and requires the most time to achieve the RAOs.  Alternative S-4.6 would be 
the least effective in the short term because it consists of excavation below the water table, which could 
expose remedial construction workers and the community to the most contaminated soil and expose site 
workers to more physical hazards than any of the other alternatives.  However, the physical risk 
associated with these potential exposures under Alternatives S-4.2, S-4.3, S-4.4, S-4.5A, S-4.5B, and 
S-4.6 could be effectively controlled by using personal protection equipment, complying with proper site-
specific health and safety procedures, and using proper best management practices to prevent the 
migration of contamination by erosion during construction, transportation, and/or monitoring activities.   
 
LUCs for Alternatives S-4.2, S-4.3, S-4.4, S-4.5A, or S-4.5B could be implemented in approximately 
3 months.  After planning, Alternatives S-4.3 would have an approximate construction duration of 
2 months, Alternative S-4.4 would have an approximate construction duration of 16 months, Alternative 
S-4.5A would have an approximate construction duration of 1.5 months, Alternative S-4.5B would have 
an approximate construction duration of 3 months, and Alternative S-4.6 would have an approximate 
construction duration of 4 months.  

 
Implementability.  Alternative S-4.1 would be readily implementable. Technical, engineering, and 
institutional controls for developing and initiating five-year reviews are readily available.   
 
Alternative S-4.2 would require only LUCs (CERCLA risk-based engineering controls, CTDEEP 
engineered controls, institutional controls, and inspections), monitoring, and five-year reviews. The 
establishment of LUCs for Alternative S-4.2 would be easily implementable.   
 
Alternatives S-4.3, S-4.4, S-4.5A and S-4.5B would be more difficult to implement because there would 
also be soil excavation or treatment.  Underground utilities, the quay wall (the wooden platform underlying 
the western portion of Zone 4), and building foundations would interfere with soil excavation and, to a 
greater extent, with in-situ soil treatment.  Under S-4.5B, the excavation would not proceed beyond the 
top of the Quay Wall so that the integrity is not compromised.  Excavated soil or excess treated soil would 
require proper disposal, excavated areas would need to be filled with clean material, and remediated 
areas would need to be repaved.  Alternative S-4.5B would require excavation of more soil than 
Alternatives S-4.3 or S-4.5A.  Alternative S-4.3 would also require installation of a geomembrane barrier. 
Under Alternative S-4.4, treatability tests would also be needed.  Alternative S-4.5B is more difficult to 
implement than Alternative S-4.2 because it would involve soil excavation and more difficult than 
Alternatives S-4.3 or S-4.5A because it would require a deeper excavation, which may compromise the 
integrity of the Quay Wall, and underground utilities may interfere with the excavation.  Alternative S-4.4 
is more difficult to implement than Alternatives S-4.2, S-4.3, S-4.5A, or S-4.5B because it would involve 



NSB – New London OU4, Lower Subase – Zones 1 through 7 
 Sites 10, 11, 13, 17, 19, 21, 22, 24, and 25 ROD 

 117 August 2012 

treating contaminated soil to the depth of the water table, which is a more complex action than 
excavation, and underground utilities may interfere with the treatment process.  Alternative S-4.6 would 
be considered the most difficult to implement because this alternative would require sheet piles for 
excavation support, a dewatering system, water treatment and disposal system, potential interference 
from the Quay Wall, and utility relocation.   
 
In addition, remediation efforts for Alternatives S.4.3, S-4.4, S.4.5A, S-4.5B, and S-4.6 would interfere 
with Base activities. 
 
Cost.  The estimated present-worth cost is greatest for Alternative S-4.6 at $5,001,000, and lowest for 
Alternative S-4.1 at $104,000.  The estimated present-worth costs of the other alternatives are as follows: 
Alternative S-4.2: $666,000; Alternative S-4.3: $1,354,000; Alternative S-4.4: $1,424,000; Alternative 
S-4.5A: $1,225,000, and Alternative S-4.5B: $1,763,000. 
 

Modifying Criteria 

State Acceptance.  State involvement has been solicited throughout the CERCLA process.  CTDEEP, as 
the designated support agency in Connecticut, concurs with the Selected Remedy (Appendix A). 
 
Community Acceptance.  No written questions were received during the formal public comment period 
for the Proposed Plan. No questions were raised at the public meeting on April 12, 2012, and no 
objections to the proposed alternative were voiced, as documented in Section 3.0. 
 

2.5.5 Description and Comparative Analysis of Alternatives – Zone 4 and Outer Pier 1 
Sediment 

2.5.5.1 Description of Alternatives – Zone 4 and Outer Pier 1 Sediment  

The preliminary technology screening evaluation conducted in the FS Addendum for sediment is 
presented in Table 2-4 in Section 2.1.9.  The Zone 4 and Outer Pier 1 technologies and process options 
retained after detailed screening were assembled into six sediment alternatives.  Consistent with the 
NCP, the no action alternative was evaluated as a baseline for comparison with other alternatives during 
the comparative analysis.  Table 2-23 describes the major components and provides estimated costs for 
each remedial alternative identified for Zone 4 and Outer Pier 1 sediment.  
 
 

TABLE 2-23.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED – ZONE 4 AND OUTER PIER 1 

SEDIMENT 

ALTERNATIVE COMPONENTS DETAILS COST 

Alternative SD-1: 

No Action  

No action to address 
contaminated sediment 
and no use restrictions 

Five-year reviews  Five-year reviews would be conducted 
because contamination would remain in 
place at levels that do not allow for 
unrestricted use and unlimited exposure. 

Capital: $0 

Every 5 Years: 
$25,000 

30-Year NPW: 
$104,000 

Discount Rate: 
2.3% 

Time Frame: NA 

Alternative SD-3: 

Capping with Pre-
Dredging to Meet RAOs, 
Dewatering, On-Site 
Treatment and 
Discharge of Dewatering 
Fluid, Off-Site Disposal 
of Dewatered Sediment, 
LUCs (Institutional 

Capping with pre-
dredging  

Approximately 97,300 sf of contaminated 
sediment in Zone 4 and 13,500 sf of 
contaminated sediment in Outer Pier 1 
would have either maintained natural cover 
or a cap.  

 

Zone 4 surface sediment with 
concentrations of COCs greater than RGs 
at depths of 2 feet or greater below the 

Capital: $1,384,000 

1
st

 Year: $45,000 

2nd Year:$40,000 

3
rd

 Year: $28,000 

Every 5 Years: 
$166,000 

Annually All Other 
Years: 
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TABLE 2-23.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED – ZONE 4 AND OUTER PIER 1 

SEDIMENT 

ALTERNATIVE COMPONENTS DETAILS COST 

Controls and 
Inspections), and 
Monitoring 

Capping in areas with 
surface sediment COC 
concentrations greater 
than PRGs, pre-dredging 
in areas to be capped, 
dewatering of dredged 
sediment, on-site 
treatment of dewatering 
fluid, off-site disposal of 
dewatered sediment, and 
instituting CERCLA LUCs 
to maintain the cap and 
current clean surface 
sediment cover in areas 
with contamination in 
subsurface sediment.  

sediment surface would be capped, 
including an area where maintenance 
dredging may have exposed contaminated 
sediment.   

 

Prior to capping, a 2-foot-thick layer of 
contaminated sediment (total in-place 
volume of 1,330 cy) would be dredged 
using a barge-mounted clamshell excavator 
so that placement of a cap would not result 
in unacceptably shallow conditions and 
also to remove the lighter and softer top 
layer of sediment to provide better support 
for the cap.   

 

Capping would consist of placing a layer of 
clean fine sand or sandy sediment with a 
minimum thickness of 3 feet over the 
contaminated sediment.  An estimated total 
volume of 3,660 cy of capping material 
would be required.  

 

A portion of Zone 4 and Outer Pier 1 
contains an uncontaminated layer of 
sediment that covers contaminated 
sediment to depths greater than 2 feet 
below the sediment surface; the 
uncontaminated sediment layers would be 
maintained in these areas through placing 
additional cover material over areas where 
the cover thickness is less than 2 feet.  

 

$23,000 

30-Year NPW: 
$2,514,000 

Discount Rate: 
2.3% 

Time Frame: 2 
months to implement 
after planning 

Dewatering  The dredged sediment would be dewatered 
to its original in-situ volume using barges 
fitted with permeable liners to operate as 
passive drainage beds.  The dewatered 
sediment would then be stabilized by 
blending it with 8 percent (by weight) of fly 
ash.   

On-site treatment 
and discharge of 
dewatering fluid 

Approximately 269,000 gallons of water 
released by the sediment dewatering 
process would filter through the barges liner 
and flow back to the Thames River.  A 
small fraction (estimated at 10 percent of 
total or 26,900 gallons) of the water 
released by the dewatering process would 
not drain and filter readily through the 
barges liner and would be designated as 
dewatering fluid.  This dewatering fluid 
would be collected, analyzed, and treated 
in a 5,000-gallon-per-day (gpd) on-shore 
system consisting of bag filtration to control 
suspended solids and liquid-phase granular 
activated carbon (GAC) adsorption to 
remove dissolved COCs prior to discharge 
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TABLE 2-23.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED – ZONE 4 AND OUTER PIER 1 

SEDIMENT 

ALTERNATIVE COMPONENTS DETAILS COST 

to the Thames River.   

 

Off-site disposal of 
dewatered 
sediment 

An estimated total volume of 1,463 cy of 
stabilized sediment would be disposed at 
an off-site landfill.   

LUCs, including 
institutional 
controls and 
inspections 

Implementation of LUCs over 97,300 sf 
(Zone 4) and 13,500 sf (Outer Pier 1) of 
contaminated sediment to prevent 
disturbance of the maintained cover/cap  
and because of the potential that  
contaminated sediment may remain 
beneath the existing quay wall and pier 
structure in Zone 4.  Yearly site inspections 
would be conducted to verify continued 
implementation of LUCs.     

Long-term 
monitoring 

Long-term surface water and sediment 
monitoring program to confirm that the 
remedy remains protective and that 
contaminants are not migrating to surface 
water or areas of sediment that are 
currently uncontaminated. Final details for 
the monitoring program would be 
documented in a monitoring plan 
developed after the ROD is signed. 

Five-year reviews Five-year reviews would be conducted 
because contamination would remain in 
excess of levels that allow for unrestricted 
use and unlimited exposure.  

 

Alternative SD-4: 

Capping with Pre-
Dredging to Meet RAOs, 
Dewatering, Off-Site 
Disposal of Dewatered 
Sediment and 
Dewatering Fluid, LUCs 
(Institutional Controls 
and Inspections), and 
Monitoring 

Capping in areas with 
surface sediment greater 
than the PRGs, pre-
dredging in areas to be 
capped, dewatering of 
dredged sediment, off-site 
disposal of dewatered 

Capping with pre-
dredging  

Approximately 97,300 sf of contaminated 
sediment in Zone 4 and 13,500 sf of 
contaminated sediment in Outer Pier 1 
would have either maintained natural cover 
or a cap.  

 

Zone 4 surface sediment with 
concentrations of COCs greater than RGs 
at depths of 2 feet or greater below the 
sediment surface would be capped, 
including an area where maintenance 
dredging may have exposed contaminated 
sediment.   

 

Prior to capping, a 2-foot-thick layer of 
contaminated sediment (total in-place 
volume of 1,330 cy) would be dredged 

Capital: $1,222,000 

1
st

 Year: $45,000 

2nd Year: $40,000 

3
rd

 Year: $28,000 

Every 5 Years: 
$166,000 

Annually All Other 
Years: 

$23,000 

30-Year NPW: 
$2,352,000 

Discount Rate: 
2.3% 

Time Frame
1
: 2 

months to implement 
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TABLE 2-23.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED – ZONE 4 AND OUTER PIER 1 

SEDIMENT 

ALTERNATIVE COMPONENTS DETAILS COST 

sediment and dewatering 
fluid, and instituting 
CERCLA LUCs to 
maintain the cap and 
current clean surface 
sediment cover in areas 
with contamination in 
subsurface sediment.  

using a barge-mounted clam-shell 
excavator so that placement of a cap would 
not result in unacceptably shallow 
conditions and also to remove the lighter 
and softer top layer of sediment to provide 
better support for the cap.   

 

Capping would consist of placing a layer of 
clean fine sand or sandy sediment with a 
minimum thickness of 3 feet over the 
contaminated sediment.  An estimated total 
volume of 3,660 cy of capping material 
would be required.  

 

A portion of Zone 4 and Outer Pier 1 
contains an uncontaminated layer of 
sediment that covers contaminated 
sediment at depths greater than 2 feet 
below the sediment surface; the 
uncontaminated sediment layers would be 
maintained in these areas through placing 
additional cover material over areas where 
the cover thickness is less than 2 feet.  

 

after planning 

Dewatering  The dredged sediment would be dewatered 
to its original in-situ volume by using barges 
fitted with permeable liners to operate as 
passive drainage beds.  The dewatered 
sediment would then be stabilized by 
blending it with 8 percent (by weight) of fly 
ash.   

Off-site disposal of 
dewatered 
sediment and 
dewatering fluid 

An estimated total volume of 1,463 cy of 
stabilized sediment would be disposed at 
an off-site landfill and 26,900 gallons of 
dewatering fluid would be sent to an off-site 
treatment and disposal facility.   

LUCs, including 
institutional 
controls and 
inspections 

Implementation of LUCs over 97,300 sf 
(Zone 4) and 13,500 sf (Outer Pier 1) of 
contaminated sediment to prevent 
disturbance of the maintained cover/cap 
and because of the potential that 
contaminated sediment may remain 
beneath the existing Quay wall and pier 
structure in Zone 4.   Yearly site inspections 
would be conducted to verify continued 
implementation of LUCs.     

Long-term 
monitoring 

Long-term surface water and sediment 
monitoring program to confirm that the 
remedy remains protective and that 
contaminants are not migrating to surface 
water or areas of sediment that are 
currently uncontaminated. Final details for 
the monitoring program would be 
documented in a monitoring plan 
developed after the ROD is signed. 
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TABLE 2-23.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED – ZONE 4 AND OUTER PIER 1 

SEDIMENT 

ALTERNATIVE COMPONENTS DETAILS COST 

Five-year reviews Five-year reviews would be conducted 
because contamination would remain in 
excess of levels that allow for unrestricted 
use and unlimited exposure.  

 

Alternative SD-6: 

Dredging to Meet PRGs, 
Dewatering, On-Site 
Treatment and 
Discharge of Dewatering 
Fluid, and Off-Site 
Disposal of Dewatered 
Sediment, LUCs 
(Institutional Controls 
and Inspections), and 
Monitoring  

Dredging of sediment with 
concentrations of COCs 
greater than PRGs, 
dewatering of dredged 
sediment, on-site 
treatment of dewatering 
fluid, and off-site disposal 
of dewatered sediment. 

Dredging A total of approximately 23,160 cy of 
contaminated sediment would be dredged, 
including contaminated sediment over 
approximately 97,300 sf in Zone 4 and 
13,500 sf in Outer Pier 1. An estimated total 
volume of 10,250 cy of backfill material 
would be placed after dredging to maintain 
the stability of the slope in the area along 
the quay wall. Monitoring would be 
completed prior to, during, and after 
construction to verify that no migration of 
COCs occurred. Following dredging, 
confirmation samples would be collected to 
verify that contaminated sediment has been 
adequately removed.  

Capital: $8,147,000 

Years 1 through 4, 
7, and 9: $22,000 

Every 5 Years: 
$48,000 

Years 6 and 8: 

$1,000 

Year 10: 

$26,000 

30-Year NPW: 
$8,334,000 

Time Frame
1
:  3 

months to implement 
after planning 

Dewatering The dredged sediment would be dewatered 
to its original in-situ volume by using barges 
fitted with permeable liners to operate as 
passive drainage beds.  The dewatered 
sediment would then be stabilized by 
blending it with 8 percent (by weight) of fly 
ash.   

On-site treatment 
and discharge of 
dewatering fluid 

Approximately 4,680,000 gallons of water 
released by the sediment dewatering 
process would filter through the barges liner 
and flow back to the Thames River.  A 
small fraction (estimated at 10 percent of 
total or 468,000 gallons) of the water 
released by the dewatering process would 
not drain and filter readily through the 
barges liner and would be designated as 
dewatering fluid.  This dewatering fluid 
would be collected, analyzed, and treated 
in a 10,000 gpd on-shore system consisting 
of bag filtration to control suspended solids 
and liquid-phase GAC adsorption to 
remove dissolved COCs prior to discharge 
to the Thames River.  
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TABLE 2-23.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED – ZONE 4 AND OUTER PIER 1 

SEDIMENT 

ALTERNATIVE COMPONENTS DETAILS COST 

Off-site disposal of 
dewatered 
sediment 

An estimated total volume of 25,470 cy of 
stabilized sediment would be disposed at 
an off-site landfill.   

 LUCs, including 
institutional 
controls and 
inspections 

Implementation of LUCs because of the 
potential for contaminated sediment that 
may remain beneath the existing quay wall 
and pier structure in Zone 4 to 
recontaminate clean sediment in the 
dredged area of Zone 4.  Yearly site 
inspections would be conducted to verify 
continued implementation of LUCs.   LUCs 
would remain in place until it can be shown 
the potentially contaminated sediment no 
longer presents a risk to the environment. 
No LUCs or monitoring would be required 
for Outer Pier 1.   

 

Long-term 
monitoring 

Monitoring would be completed prior to, 
during, and after construction to verify that 
no migration of COCs occurred.  Following 
dredging, confirmation samples would be 
collected to verify that contaminated 
sediment has been adequately removed.  
Even though the goal is to dredge all 
contaminated sediment with concentrations 
above the RGs, monitoring similar to SD-3 
would be implemented in Zone 4 to confirm 
that the remedy remains protective and that 
contaminants are not migrating to surface 
water or areas of sediment that are 
currently uncontaminated.  

 

Alternative SD-7: 

Dredging to Meet PRGs, 
Dewatering, and Off-Site 
Disposal of Dewatered 
Sediment and 
Dewatering Fluid, LUCs 
(Institutional Controls 
and Inspections), and 
Monitoring  

Dredging of sediment with 
concentrations of COCs 
greater than PRGs, 
dewatering of dredged 
sediment, and off-site 

Dredging A total of approximately 23,160 cy of 
contaminated sediment would be dredged, 
including contaminated sediment over 
approximately 97,300 sf in Zone 4 and 
13,500 sf in Outer Pier 1. An estimated total 
volume of 10,250 cy of backfill material 
would be placed after dredging to maintain 
the stability of the slope in the area along 
the quay wall. Monitoring would be 
completed prior to, during, and after 
construction to verify that no migration of 
COCs occurred. Following dredging, 
confirmation samples would be collected to 
verify that contaminated sediment has been 
adequately removed. 

Capital: $7,340,000 

Years 1 through 4, 
7, and 9: $22,000 

Every 5 Years: 
$48,000 

Years 6 and 8: 

$1,000 

Year 10: 

$26,000 

30-Year NPW: 
$7,527,000 

Time Frame
1
:  3 

months to implement 
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TABLE 2-23.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED – ZONE 4 AND OUTER PIER 1 

SEDIMENT 

ALTERNATIVE COMPONENTS DETAILS COST 

disposal of dewatered 
sediment and dewatering 
fluid. 

Dewatering The dredged sediment would be dewatered 
to its original in-situ volume by using barges 
fitted with permeable liners to operate as 
passive drainage beds.  The dewatered 
sediment would then be stabilized by 
blending it with 8 percent (by weight) of fly 
ash.  Dewatering fluid would be sampled 
prior to disposal. 

after planning  

Off-site disposal of 
dewatered 
sediment and 
dewatering fluid 

An estimated total volume of 25,470 cy of 
stabilized sediment would be disposed of at 
an off-site landfill, and 468,000 gallons of 
dewatering fluid would be sent to an off-site 
treatment and disposal facility.  

 LUCs, including 
institutional 
controls and 
inspections 

Implementation of LUCs because of the 
potential for contaminated sediment that 
may remain beneath the existing quay wall 
and pier structure in Zone 4 to 
recontaminate clean sediment in the 
dredged area of Zone 4.  Yearly site 
inspections would be conducted to verify 
continued implementation of LUCs.   LUCs 
would remain in place until it can be shown 
the potentially contaminated sediment no 
longer presents a risk to the environment. 
No LUCs or monitoring would be required 
for Outer Pier 1. 

 

Long-term 
monitoring 

Monitoring would be completed prior to, 
during, and after construction to verify that 
no migration of COCs occurred.  Following 
dredging, confirmation samples would be 
collected to verify that contaminated 
sediment has been adequately removed.  
Even though the goal is to dredge all 
contaminated sediment with concentrations 
above the RGs, monitoring similar to SD-3 
would be implemented in Zone 4 to confirm 
that the remedy remains protective and that 
contaminants are not migrating to surface 
water or areas of sediment that are 
currently uncontaminated. 

 

Alternative SD-8:  

Zone 4 - Dredging to 
Meet PRGs, Dewatering, 
Off-Site Disposal of 
Dewatered Sediment and 
Dewatering Fluid, LUCs 
(Institutional Controls 
and Inspections) and 
Monitoring  

 and Outer Pier 1 – 
Capping to Meet RAOs, 
LUCs (Institutional 
Controls and 

Dredging A total of approximately 19,700 cy of 
contaminated sediment would be dredged, 
including contaminated sediment over 
approximately 97,300 sf in Zone 4.  An 
estimated total volume of 10,250 cy of 
backfill material would be placed after 
dredging to maintain the stability of the 
slope in the area along the quay wall. 
Monitoring would be completed prior to, 
during, and after construction to verify that 
no migration of COCs occurred. Following 
dredging, confirmation samples would be 
collected to verify that contaminated 
sediment has been adequately removed. 

Capital: $6,276,000 

1
st

 Year: $40,000 

2
nd

 Year: $34,000 

3
rd 

Year: $28,000 

Years 4, 7, and 9: 
$22,000 

Every 5 Years: 
$125,000 

Annually All Other 
Years: 

$19,000 

30-Year NPW: 
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TABLE 2-23.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED – ZONE 4 AND OUTER PIER 1 

SEDIMENT 

ALTERNATIVE COMPONENTS DETAILS COST 

Inspections) and 
Monitoring 

Zone 4 - Dredging of 
sediment with 
concentrations of COCs 
greater than PRGs, 
dewatering of dredged 
sediment, and off-site 
disposal of dewatered 
sediment and dewatering 
fluid.  Outer Pier 1 – 
Maintaining the existing 
clean surface sediment as 
a cap over contaminated 
subsurface sediment and 
instituting CERCLA LUCs 
to maintain and prevent 
disturbance of the current 
clean surface sediment 
cover.  

Dewatering The dredged sediment would be dewatered 
to its original in-situ volume by using barges 
fitted with permeable liners to operate as 
passive drainage beds.  The dewatered 
sediment would then be stabilized by 
blending it with 8 percent (by weight) of fly 
ash.  Dewatering fluid would be sampled 
prior to disposal. 

$7,154,000 

Discount Rate: 
2.3% 

Time Frame
1
: 3 

months to implement 
after planning 

Off-site disposal of 
dewatered 
sediment and 
dewatering fluid 

An estimated total volume of 21,660 cy of 
stabilized sediment would be disposed at 
an off-site landfill and 398,000 gallons of 
dewatering fluid would be sent to an off-site 
treatment and disposal facility.   

LUCs, including 
institutional 
controls and 
inspections 

Implementation of LUCs in Zone 4 because 
of the potential for contaminated sediment 
that may remain beneath the existing quay 
wall and pier structure to recontaminate 
clean sediment in the dredged area of Zone 
4.  Yearly site inspections would be 
conducted to verify continued 
implementation of LUCs.   LUCs would 
remain in place until it can be shown the 
potentially contaminated sediment no 
longer presents a risk to the environment. 
Implementation of LUCs over 13,500 sf of 
contaminated sediment to prevent 
disturbance of the maintained cover/cap at 
Outer Pier 1 .  Yearly site inspections would 
be conducted to verify continued 
implementation of LUCs.     

Long-term 
monitoring 

Long-term surface water and sediment 
monitoring program would be developed to 
verify that the remedy remains protective 
and that contaminants are not migrating to 
surface water or areas of sediment that are 
currently uncontaminated. 

Five-year reviews Five-year reviews would be conducted 
because contamination would remain in 
excess of levels that allow for unrestricted 
use and unlimited exposure.  

1 The estimated time frame listed in Table 2-23 is for the duration of construction activities only.  Additional time 
would be required to prepare the necessary work plan and other administrative documents.   

 

2.5.5.2 Zone 4 and Outer Pier 1 Comparative Analysis of Sediment Alternatives 

Tables 2-24 and subsequent text in this section summarize the comparison of Zone 4 and Outer Pier 1 
sediment remedial alternatives with respect to the nine CERCLA evaluation criteria outlined in the NCP at 
40 CFR 300.430(e)(9)(iii) and categorized as threshold, primary balancing, and modifying criteria.  Further 
information on the detailed comparison of remedial alternatives is presented in the FS Addendum. 
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TABLE 2-24.  SUMMARY OF COMPARATIVE ANALYSIS OF ZONE 4 AND OUTER PIER 1 SEDIMENT ALTERNATIVES  

CERCLA 

CRITERION 

ALTERNATIVE 

SD-1: 

NO ACTION 

ALTERNATIVE SD-3 

CAPPING WITH PRE-
DREDGING TO MEET 

RAOS, 
DEWATERING, ON-
SITE TREATMENT 

AND DISCHARGE OF 

DEWATERING FLUID, 
OFF-SITE DISPOSAL 

OF DEWATERED 

SEDIMENT, LUCS 

(INSTITUTIONAL 

CONTROLS AND 

INSPECTIONS) AND 

MONITORING 

ALTERNATIVE SD-4 

CAPPING WITH PRE-
DREDGING TO MEET 

RAOS, 
DEWATERING, OFF-
SITE DISPOSAL OF 

DEWATERED 

SEDIMENT AND 

DEWATERING FLUID, 
LUCS 

(INSTITUTIONAL 

CONTROLS AND 

INSPECTIONS) AND 

MONITORING 

ALTERNATIVE SD-
6 

DREDGING TO 

MEET PRGS, 
DEWATERING, ON-
SITE TREATMENT 

AND DISCHARGE 

OF DEWATERING 

FLUID, AND OFF-
SITE DISPOSAL OF 

DEWATERED 

SEDIMENT, LUCS 

(INSTITUTIONAL 

CONTROLS AND 

INSPECTIONS), 
AND MONITORING  

 

ALTERNATIVE SD-7 

DREDGING TO MEET 

PRGS, 
DEWATERING, AND 

OFF-SITE DISPOSAL 

OF DEWATERED 

SEDIMENT AND 

DEWATERING FLUID, 
LUCS 

(INSTITUTIONAL 

CONTROLS AND 

INSPECTIONS), AND 

MONITORING  

  

ALTERNATIVE SD-8 

ZONE 4 – DREDGING 

TO MEET PRGS, 
DEWATERING, AND 

OFF-SITE DISPOSAL 

OF DEWATERED 

SEDIMENT AND 

DEWATERING FLUID, 
LUCS 

(INSTITUTIONAL 

CONTROLS AND 

INSPECTIONS), AND   

MONITORING AND 

OUTER PIER 1 – 

CAPPING TO MEET 

RAOS, LUCS 

(INSTITUTIONAL 

CONTROLS AND 

INSPECTIONS) AND 

MONITORING 

Overall 
Protection of 
Human Health 
and the 
Environment 

 ● ● ● ● ● 

Compliance with 
Applicable or 
Relevant and 
Appropriate 
Requirements 

 ● ● ● ● ● 

Long-Term 
Effectiveness 
and 
Permanence 

 ● ● ● ● ● 

Reduction of 
Toxicity, 
Mobility, and 

 
Would treat 

dewatering fluid with 
subsequent discharge 

 
Would treat 

dewatering fluid 
with subsequent 
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TABLE 2-24.  SUMMARY OF COMPARATIVE ANALYSIS OF ZONE 4 AND OUTER PIER 1 SEDIMENT ALTERNATIVES  

CERCLA 

CRITERION 

ALTERNATIVE 

SD-1: 

NO ACTION 

ALTERNATIVE SD-3 

CAPPING WITH PRE-
DREDGING TO MEET 

RAOS, 
DEWATERING, ON-
SITE TREATMENT 

AND DISCHARGE OF 

DEWATERING FLUID, 
OFF-SITE DISPOSAL 

OF DEWATERED 

SEDIMENT, LUCS 

(INSTITUTIONAL 

CONTROLS AND 

INSPECTIONS) AND 

MONITORING 

ALTERNATIVE SD-4 

CAPPING WITH PRE-
DREDGING TO MEET 

RAOS, 
DEWATERING, OFF-
SITE DISPOSAL OF 

DEWATERED 

SEDIMENT AND 

DEWATERING FLUID, 
LUCS 

(INSTITUTIONAL 

CONTROLS AND 

INSPECTIONS) AND 

MONITORING 

ALTERNATIVE SD-
6 

DREDGING TO 

MEET PRGS, 
DEWATERING, ON-
SITE TREATMENT 

AND DISCHARGE 

OF DEWATERING 

FLUID, AND OFF-
SITE DISPOSAL OF 

DEWATERED 

SEDIMENT, LUCS 

(INSTITUTIONAL 

CONTROLS AND 

INSPECTIONS), 
AND MONITORING  

 

ALTERNATIVE SD-7 

DREDGING TO MEET 

PRGS, 
DEWATERING, AND 

OFF-SITE DISPOSAL 

OF DEWATERED 

SEDIMENT AND 

DEWATERING FLUID, 
LUCS 

(INSTITUTIONAL 

CONTROLS AND 

INSPECTIONS), AND 

MONITORING  

  

ALTERNATIVE SD-8 

ZONE 4 – DREDGING 

TO MEET PRGS, 
DEWATERING, AND 

OFF-SITE DISPOSAL 

OF DEWATERED 

SEDIMENT AND 

DEWATERING FLUID, 
LUCS 

(INSTITUTIONAL 

CONTROLS AND 

INSPECTIONS), AND   

MONITORING AND 

OUTER PIER 1 – 

CAPPING TO MEET 

RAOS, LUCS 

(INSTITUTIONAL 

CONTROLS AND 

INSPECTIONS) AND 

MONITORING 

Volume through 
Treatment 

to the Thames River discharge to the 
Thames River 

Short-Term 
Effectiveness  ● ● ● ● ● 

Implementability ● ● ● ● ● ● 

Total Cost 
(Present Net 
Worth) 

$104,000 $2,514,000 $2,352,000 $8,334,000 $7,527,000 $7,154,000 

State 
Acceptance

NA ● ● ● ● ● 
Community 
Acceptance

NA ● ● ● ● ● 
 - Meets the criterion.    - Does not meet the criterion.    NA - Not applicable. 
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Threshold Criteria 

Overall Protection of Human Health and the Environment.  Alternative SD-1 would not be protective 
of human health or the environment because no action would be conducted to address site risks.   
 
Alternatives SD-3, SD-4, SD-6, SD-7, and SD-8 would be protective of human health and the 
environment.  Alternatives SD-3 and SD-4 would be protective because capping and institutional controls 
would prevent exposure to contamination.  Alternative SD-8 would be protective because the sediment in 
Outer Pier 1 causing unacceptable ecological risk would be capped and sediment in Zone 4 causing 
unacceptable ecological risk would be permanently removed.  Alternatives SD-6 and SD-7 would be 
protective because sediment causing an ecological risk would be permanently removed from Zone 4 and 
Outer Pier 1, and dewatering fluid would be disposed off-site. All alternatives except SD-1 would be 
protective regarding potential migration of potentially contaminated sediment beneath the quay wall and 
pier structure through LUCs and monitoring. 
 
Compliance with ARARs.  ARARs include any federal or state standards, requirements, criteria, or 
limitations determined to be legally applicable or relevant and appropriate to the site or remedial action.  
Alternatives SD-3, SD-4, SD-6, SD-7, and SD-8 would comply with all chemical-, location-, and action-
specific ARARs as long as dredging operations for all alternatives and capping operations for alternatives 
SD-3 and SD-4 are conducted in a manner that minimizes discharges to wetlands and navigable 
waterways, minimizes impacts to aquatic life and the environment, and does not cause exceedances of 
water quality criteria during either dredging or discharge of treated dewatering fluid in SD-3 and SD-6.  
Alternatives SD-3, SD-4, SD-6, SD-7, and SD-8 use the same PRGs that have been determined by the 
Navy and EPA and would not pose an unreasonable risk of injury to health or the environment. 
Alternative SD-8 was determined to be the least environmentally damaging practicable alternative in 
compliance with the federal Clean Water Act. 
 

Primary Balancing Criteria 

Long-Term Effectiveness and Permanence.  Alternative SD-1 would have no long-term effectiveness 
or permanence because no contaminant removal or contact restrictions would occur.  Alternatives SD-3 
and SD-4 would provide long-term effectiveness through capping contaminated sediment, but would not 
be as effective as Alternatives SD-6, SD-7, and SD-8 because they would leave contaminated sediment 
in-place.  Alternative SD-8 would provide more long-term effectiveness than SD-3 and SD-4 because the 
known contaminated sediment would be permanently removed from Zone 4, although contaminated 
sediment in Outer Pier 1 would remain beneath a cover of clean sediment and potentially contaminated 
sediment would remain beneath the quay wall and pier structure.  The cap over contaminated sediment in 
Zone 4 (SD-3 and SD-4) presents more long-term maintenance issues than maintaining the current cover 
of clean sediment in Outer Pier 1 (SD-8).  Alternative SD-6 would provide the most long-term 
effectiveness and permanence because all contaminated sediment would be completely removed from 
Zone 4 and Outer Pier 1 and dewatering fluid would be treated.  Although Alternative SD-7 removes an 
identical volume of contaminated sediment as in Alternative SD-6, dewatering fluid is not treated so it 
would not be as effective as Alternative SD-6.  Alternatives SD-3 SD-4, SD-6, SD-7, and SD-8 would 
require institutional controls to be an effective and permanent remedy in the long term.  LUCs 
implemented under Alternatives SD-3, SD-4, and SD-8 would prevent disturbance of the capped and 
covered areas, and long-term monitoring and O&M, along with five-year reviews under Alternatives SD-3, 
SD-4, and SD-8 would ensure the adequacy of LUCs to protect ecological receptors and surrounding 
surface water and sediment from contamination left in place.  Five-year reviews for Alternatives SD-3SD-
4, SD-6, SD-7, and SD-8 would ensure that LUCs remained protective by preventing ecological exposure 
to remaining contaminated sediment throughout Zone 4 and/or Outer Pier 1.  
 
Reduction in Toxicity, Mobility, or Volume Through Treatment.  None of the alternatives would use 
treatment to reduce the toxicity, mobility, or volume of COCs, except the on-site treatment of water from 
the dewatering process under Alternatives SD-3 and SD-6. 
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Short-Term Effectiveness.  Implementation of Alternatives SD-3, SD-4, SD-6, and SD-7 would expose 
remedial construction workers to contaminated sediment, dewatering fluid, and physical risks during 
dredging, and would expose the community to contaminated sediment and dewatering fluid (for 
Alternatives SD-4, SD-7, and SD-8) during transportation for off-site disposal.  All alternatives would 
expose ecological receptors to potential releases of dredged sediment, capping material (SD-3 and 
SD-4), and dewatering fluid (SD-3 and SD-6).  Alternatives SD-6 and SD-7 would expose remedial 
construction workers and the environment to more contaminated sediment than any of the other 
alternatives because the most sediment would be dredged, and Alternative SD-8 would expose remedial 
construction workers and the environment to more contaminated sediment than Alternatives SD-3 and 
SD-4 because more sediment would be dredged during Alternative SD-8.  Implementation of any of the 
alternatives would expose remedial construction workers to physical risks during dredging, capping, and 
dewatering.  However, the physical risk associated with these potential exposures under Alternatives 
SD-3, SD-4, SD-6, SD-7, and SD-8 could be effectively controlled by using personal protection 
equipment, complying with proper site-specific health and safety procedures, and using proper best 
management practices to prevent the migration of contamination by erosion during construction, 
transportation, and/or monitoring activities.   
 
LUCs for Alternatives SD-3, SD-4, SD-6, SD-7, and SD-8 could be implemented in approximately 
3 months.  After planning, Alternatives SD-3 and SD-4 would have approximate construction durations of 
2 months, Alternative SD-8 would have an approximate construction duration of 5 months, and Alternative 
SD-6 and SD-7 would have approximate construction durations of 6 months.  

 
Alternative SD-4 would provide the most short-term effectiveness because it has the smallest volume of 
sediment that would be dredged and no treatment of dewatering fluid, so would expose remedial 
construction workers and the environment to the least amount of contaminated sediment and could be 
implemented in approximately 3 months.  Implementation of Alternative SD-3 would expose remedial 
construction workers and the environment to the same volume of contaminated sediment as in Alternative 
SD-4, but would discharge treated dewatering fluid to the Thames River.  Implementation of Alternatives 
SD-6 and SD-7 would expose remedial construction workers and the environment to the greatest volume 
of contaminated sediment and dewatering fluid (in Alternative SD-6).  Implementation of Alternative SD-8 
would expose remedial construction workers and the environment to a lesser volume of contaminated 
sediment than in Alternatives SD-6 and SD-7 and dewatering fluid would be disposed of off-site so would 
not be discharged to the Thames River.   
 
Implementability.  Alternative SD-1 would be readily implementable. Technical, engineering, and 
institutional controls for developing and initiating five-year reviews are readily available.  Alternative SD-6 
would be considered the most difficult to implement because this alternative requires dredging of a large 
volume of contaminated sediment, a dewatering system, and a water treatment and disposal system.  
Alternative SD-7 would be nearly as difficult to implement as Alternative SD-6, but dewatering fluid would 
be disposed of off-site, so a water treatment and disposal system would not be constructed.  Alternative 
SD-8 would be easier to implement than both SD-6 and SD-7 because a smaller volume of sediment 
would be dredged and dewatering fluid would be disposed of off site.  Alternatives SD-6, SD-7, and SD-8 
would all require dredging near the Quay Wall, which could compromise the structural stability of the wall.  
Alternative SD-3 would be easier to implement than SD-6, SD-7, and SD-8 because a much smaller 
volume of sediment would be dredged and it would not compromise the structural stability of the Quay 
Wall, but it would be more difficult to implement than Alternative SD-4 because dewatering fluid would be 
treated on site.  Alternative SD-4 would be the least difficult to implement because a much smaller 
volume of sediment would be dredged and dewatering fluid would not be treated on site.  The 
establishment of LUCs for Alternatives SD-3, SD-4, and SD-8 would be easily implementable.   
 
Cost.  The estimated present-worth cost is greatest for Alternative SD-6 at $8,334,000 , and lowest for 
Alternative S-1.1 at $104,000.  The estimated present-worth costs of the other alternatives in descending 
order are as follows: Alternative SD-7: $7,527,000, Alternative SD-8: $7,154,000, Alternative SD-3: 
$2,514,000, and Alternative SD-3: $2,352,000.  
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Modifying Criteria 

State Acceptance.  State involvement has been solicited throughout the CERCLA process.  CTDEEP, as 
the designated support agency in Connecticut, concurs with the Selected Remedy (Appendix A). 
 
Community Acceptance.  No written questions were received during the formal public comment period 
for the Proposed Plan. No questions were raised at the public meeting on April 12, 2012, and no 
objections to the proposed alternative were voiced, as documented in Section 3.0. 
 

2.5.6 Selected Remedies for Zone 4 Soil and Zone 4 and Outer Pier 1 Sediment 

2.5.6.1 Selected Remedy for Zone 4 Soil  

2.5.6.1.1 Rationale for Selected Remedy for Zone 4 Soil  

The Selected Remedy for Zone 4 is Alternative S-4.5B, excavation to meet I/C RGs, off-site disposal, 
LUCs (CERCLA risk-based engineering controls, institutional controls, and inspections) and monitoring. 
The remedy was selected because it provides the best balance of tradeoffs with respect to the nine 
evaluation criteria.  The remedy will meet the RAOs by preventing exposure to contaminated soil causing 
unacceptable human health risk through permanent removal of soil with concentrations greater than I/C 
RGs.     
 
The principal factors in the selection of this remedy included the following: 
 
 The remedy provides the most long-term effectiveness of the I/C alternatives. 
 
 The remedy is consistent with the reasonably anticipated future non-residential use of the site. 
 
 The remedy is less complicated to implement than other remedies that are protective and comply with 

ARARs. 
 
 Excavation and off-site disposal of contaminated soil will protect future construction workers and full-

time employees from exposure to soil concentrations exceeding direct contact RGs and prevent 
migration of pollutants to groundwater. 

 
 CTDEEP RSR engineered controls were not selected for Zone 4 because they were not found to be 

effective at addressing Zone 4 soil exceedances of pollutant mobility standards. 
 

2.5.6.1.2 Description of Selected Remedy for Zone 4 Soil  

The Selected Remedy includes three major components: (1) excavation to meet I/C RGs and off-site 
disposal, LUCs, including CERCLA risk-based engineering controls, institutional controls, and 
inspections, (2) long-term monitoring, and (3) five-year reviews.  
 
Implementation will involve excavation and disposal of asphalt pavement and contaminated soil.  Soil 
exceeding direct exposure RGs will be excavated to 2 feet bgs and soil exceeding soil-to-groundwater 
pollutant mobility RGs will be excavated to the depth of mean high water, established as Elevation 1.2 
NAVD 1988.  The depth of excavation is not expected to exceed 5 feet.  The estimated volume of soil and 
asphalt to be excavated and disposed is 2,020 cy.  
 
In the western portion of Zone 4, pavement is underlain by a quay wall and soil is underlain by a wooden 
platform.  Excavation will not need to extend below the wooden platform, and care will need to be taken to 
avoid damage to the quay wall and wooden platform during soil excavation.  Excavation will be planned 
such that interference with base activities is minimized.  Excavation will be performed without damaging 
buried utilities, which may include electric, storm sewer, sanitary sewer, telecommunication, water, 
compressed air, or other utility lines.  The Lower Subase is a restricted area, and remediation personnel 
and equipment will enter and exit through a security gate. Excavated soil will be tested prior to off-site 
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disposal to determine the disposal method.  After excavation, the excavated areas will be backfilled with 
clean soil and repaved. 
 
LUCs, including CERCLA risk-based engineering controls to prevent exposure and institutional controls to 
prevent residential use, will be instituted over approximately 61,100 sf of soil to a depth of up to 15 feet 
bgs within Zone 4, as shown on Figure 2-27.  CTDEEP RSR engineered controls will not be needed 
because soil exceeding I/C direct exposure and pollutant mobility RGs will be removed. A new, larger 
LUC boundary was created that encompasses all 46,680 sf of soil with concentrations of COCs that 
exceeds direct exposure and pollutant mobility RGs considering a residential land use scenario, but is 
easier to implement (i.e., survey).  LUCs are required because contaminants in remaining Zone 4 soil are 
at concentrations that could result in unacceptable risks to residential human health if land use is not 
controlled or restricted.  The Navy will establish the LUCs for this remedy in a post-ROD LUC RD.  The 
LUC RD will set out the specific actions needed to implement, operate, maintain, and enforce the LUC 
component of the remedy, which will include restricting residential land use, restricting disturbance of 
contaminated soil, and maintaining a 36,000 sf protective cover layer that meets CTDEEP RSR standards 
for I/C use.  CERCLA risk-based engineering controls, to be specified in the LUC RD, will include 
maintaining the existing pavement (an estimated 36,000 sf) and buildings that already cover inaccessible 
and/or environmentally isolated soil; however, no areas will be maintained as CTDEEP RSR engineered 
controls.  The LUCs on residential use of Zone 4 will be maintained until the concentrations of 
contaminants in soil are less than levels that allow for unrestricted use and unlimited exposure. 
 
After LUCs are established in the LUC RD, they will be enforced by requiring all who desire to perform 
work on NSB-NLON to first coordinate with the installation's IR Program Manager, who will advise the 
work proponent of the LUCs imposed, if any, at the proposed work location.  Should the property ever be 
transferred out of federal control to private ownership, the deed given to the property recipient will contain 
environmental land use restrictions, consistent with state law, necessary to continue implementation of 
required LUCs.  As mandated by CERCLA, the Navy retains ultimate responsibility for ensuring all 
aspects of the remedy are met.  The draft LUC RD will be developed within 90 days of ROD signature.    
 
Although concentrations of chemicals in groundwater do not currently pose a concern, a groundwater 
monitoring program will be developed and implemented to confirm that the remedy remains protective 
and that contaminants in soil are not migrating to groundwater.  For costing purposes, the FS Addendum 
assumed that four groundwater samples will be regularly collected from wells installed in strategic 
locations to be identified in the monitoring plan and that the collected samples will be analyzed for all 
COCs that exceed the residential RGs and that the monitoring frequency will be quarterly for the first 
2 years, semi-annually for the next 2 years, annually the fifth year, and every 5 years thereafter. The 
actual monitoring program implemented will be developed as part of the RD.  Monitoring of compliance 
with LUCs will occur at least annually.  The monitoring will confirm that regular maintenance of pavement 
and building foundations is being performed.   
 
Reviews will be performed every 5 years to evaluate site status, assess the continued adequacy of 
remedial activities, and determine whether further action is necessary. Five-year reviews are required 
because the soil that remains presents an unacceptable residential risk. 
 

2.5.6.1.3 Expected Outcomes of Selected Remedy for Zone 4 Soil  

The current use of the site as an industrial area, which will be supported by the Selected Remedy, is 
expected to continue at Zone 4, and there are no other planned land uses in the foreseeable future.  
However, if land use changes in the future, and uses other than as an industrial site are expected, other 
remedial approaches would be required and a ROD amendment would be needed.  Groundwater at the 
site is not used and is not expected to be used in the future, and the Selected Remedy will have no 
impact on current or future groundwater uses available at the site.  There are no socio-economic, 
community revitalization, or economic impacts or benefits associated with implementation of the Selected 
Remedy.  It is estimated that LUCs will be achieved within approximately 3 months and excavation and 
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FIGURE 2-27.  ZONE 4 SELECTED REMEDY 
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site restoration will take 3 months; therefore, upon implementation of this alternative, the RAOs for Zone 4 
will be achieved approximately 6 months after planning.  Table 2-25 describes how the Selected Remedy 
mitigates risk and achieves the RAOs for Zone 4. 
 

TABLE 2-25.  HOW SELECTED REMEDY MITIGATES ZONE 4 SOIL RISK AND ACHIEVES THE RAOS 

RISK RAO COMMENTS 

Unacceptable 
human health 
risks to I/C users 
from direct 
exposure to 
contaminated soil.  

Prevent exposure of current and future 
full-time employees and construction 
workers to surface/subsurface soil 
containing concentrations of COCs 
greater than I/C RGs. 

LUCs and complying with proper site-specific 
health and safety procedures would prevent 
exposure to soil containing contaminants at 
concentrations that pose a human health risk to 
construction workers.  Excavation and off-site 
disposal of soil that exceeds I/C direct exposure 
RGs in the top two feet of soil (in paved areas) will 
prevent exposure of full-time employees to soil.   

Unacceptable 
human health 
risks from soil-to-
groundwater 
pollutant mobility.  

Prevent migration of 
surface/subsurface soil COCs to 
groundwater that would result in 
concentrations greater than RGs.  

 

Excavation and off-site disposal of soil that 
exceeds the Alternative GB PMC RGs for I/C site 
use in soil above the water table and storm sewer 
upgrades will prevent migration of contaminants 
from soil to groundwater. 

Unacceptable 
human health 
risks to I/C users 
from direct 
exposure to 
contaminated soil. 

Prevent migration of 
surface/subsurface soil COCs as a 
result of erosion and sedimentation. 

  

Excavation and off-site disposal of soil that 
exceeds I/C RGs and pavement maintenance 
through CERCLA risk-based engineering controls 
will prevent erosion and sedimentation of soil 
containing COCs. 

Potential 
ecological risks 
from soil-to-river 
sediment 
pollutant mobility. 

Unacceptable 
human health 
risks to residential 
users from direct 
exposure to 
contaminated soil.  

Prevent exposure of hypothetical future 
residents to surface/subsurface soil 
containing concentrations of COCs 
greater than residential RGs. 

 

LUCs will prevent residential site use, thus, 
prevent exposure to soil containing contaminants 
that pose a residential human health risk.   

 

2.5.6.2  Selected Remedy for Zone 4 and Outer Pier 1 Sediment 

2.5.6.2.1 Rationale for Selected Remedy for Zone 4 and Outer Pier 1 Sediment 

The Selected Remedy for Zone 4 and Outer Pier 1 sediment is Alternative SD-8, dredging to meet RGs, 
dewatering, off-site disposal of sediment and dewatering fluid, and LUCs, including institutional controls 
and inspections, and monitoring in Zone 4, and capping to meet RAOs, LUCs, including institutional 
controls and inspections, and monitoring in Outer Pier 1. The remedy was selected because it provides 
the best balance of tradeoffs with respect to the nine evaluation criteria and is the least environmentally 
damaging practicable alternative to protect wetland/aquatic habitat resources.  The remedy will meet the 
RAOs by preventing exposure to contaminated sediment causing unacceptable ecological risk through 
permanent removal of sediment with concentrations greater than RGs in Zone 4 and implementation of 
LUCs to prevent disturbance of clean sediment overlying contaminated sediment in Outer Pier 1.     
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The principal factors in the selection of this remedy included the following: 
 
 The remedy is the lowest-risk practicable alternative that complies with ARARs and it removes risks 

to ecological receptors in Zone 4 while maintaining clean cover and ecological habitat in Outer Pier 1. 
 
 The remedy provides long-term effectiveness by removing the majority of contaminated sediment. 
 
 Clean sediment already covering Outer Pier 1 acts as a cap to prevent exposure to contaminated 

sediment and would be maintained under this alternative to ensure continued protection.  All known 
contaminated sediment in Zone 4 will be removed; however, potentially contaminated sediment would 
remain beneath the quay wall and pier structure at Zone 4. 

 
 The remedy can be readily implemented.  Implementation will reduce unacceptable risk to ecological 

receptors within approximately 3 months after planning.  
 

 The remedy is consistent with the reasonably anticipated future non-residential use of the site. 
 
 The remedy has low short-term risk to remedial construction workers and the community, compared 

with Alternatives SD-6 and SD-7.  
 
 The remedy provides a slightly lower cost solution than Alternatives SD-6 and SD-7 while removing a 

similar quantity of contaminated sediment.  Although it is a higher cost than Alternatives SD-3 and 
SD-4, it provides more long-term effectiveness and permanence by removing the majority of 
contaminated sediment in Zone 4 and Outer Pier 1.    

 

2.5.6.2.2 Description of Selected Remedy for Zone 4 and Outer Pier 1 Sediment 

The Selected Remedy includes six major components: (1) dredging to meet RGs in the majority of Zone 4 
(2) dewatering dredged sediment (3) off-site disposal of dredged sediment and dewatering fluid (4) LUCs, 
including institutional controls and inspections in Zone 4 and Outer Pier 1 (5) long-term monitoring in 
Zone 4 and Outer Pier 1, and (6) five-year reviews for Zone 4 and Outer Pier 1.  
 
Prior to implementing the remedy, a PDI will be conducted to refine the extent of sediment contamination.  
The quantities of sediment to be removed may change based on the results of the PDI.  Implementation 
will involve dredging contaminated sediment in a 97,300 sf area in Zone 4 (Figure 2-28) and disposing of 
the contaminated sediment and dewatering fluid in an off-site landfill.  The majority of sediment in Zone 4 
exceeding ecological RGs will be dredged.  Although the goal is to dredge all contaminated sediment with 
concentrations above the RGs, there is a potential for contaminated sediment to remain beneath the 
existing quay wall and pier structure in Zone 4.  The estimated volume of sediment to be excavated is 
19,700 cy. The dredged sediment would be dewatered to its original in-situ volume by using barges fitted 
with permeable liners to operate as passive drainage beds.  The dewatered sediment would then be 
stabilized by blending it with 8 percent (by weight) of fly ash, and the resulting stabilized sediment would 
be disposed of off site by landfilling.  Water released by the sediment dewatering process would filter 
through the barges liner and flow back to the Thames River.  It is estimated that a small fraction 
(estimated at 10 percent of total) of the water released by the dewatering process will not drain and filter 
readily through the barges liner and will be designated as dewatering fluid.  This dewatering fluid will be 
collected, analyzed, and properly disposed of off site. An estimated total volume of 10,250 cy of backfill 
material will be placed after dredging to maintain the stability of the slope in the area along the quay wall 
and provide a clean cover over potentially contaminated sediment remaining under the quay wall and 
existing pier structure.  Monitoring will be completed prior to, during, and after dredging to verify that no 
migration of COCs occurred.  Following dredging, confirmation samples will be collected to verify that 
contaminated sediment has been adequately removed.  An estimated total volume of 21,660 cy of 
stabilized sediment and 398,000 gallons of dewatering fluid will be disposed at an off-site landfill.   
 
Outer Pier 1 contains an area of contaminated subsurface sediment overlain by clean surface sediment. 
LUCs, including institutional controls to prevent disturbance of clean sediment, will be instituted over 
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approximately 13,500 sf of sediment to a depth of 6 feet bss within Outer Pier 1, as shown on 
Figure 2-28.  In addition, LUCs will be required over the area adjacent to the quay wall and existing pier 
structure in Zone 4.  LUCs are required because contaminants in remaining Zone 4 and Outer Pier 1 
sediment are at concentrations that could result in unacceptable risks to ecological receptors if 
disturbance of sediment is not restricted.  The Navy will establish the LUCs for this remedy in a post-ROD 
LUC RD.  The draft LUC RD will be developed within 90 days of ROD signature.  Specific actions set out 
in the LUC RD will include prohibiting disturbance of sediment over the 13,500 sf area in Outer Pier 1 and 
adjacent to the quay wall and existing pier structure in Zone 4 and yearly inspections to ensure the cover 
is preventing exposure.  The LUC RD will establish methods to maintain the protective cover over Outer 
Pier 1 and control of the remaining contaminated sediment under the quay wall and existing pier 
structure.  One of the principal controls that would be specified in the LUC RD will be procedures, such as 
establishment of a “Safety Zone” or “No Anchor Zone” around the Outer Pier 1 capped area, to avoid 
damage as a result of maintenance dredging activities and to repair such damage if it occurs.  The areas 
to which the LUCs would apply will be identified and surveyed by a licensed professional surveyor.  The 
controls on disturbance of Outer Pier 1 and Zone 4 sediment will be maintained until the concentrations of 
contaminants in sediment are less than levels that allow for unrestricted use and unlimited exposure.  
 
After LUCs are established in the LUC RD, they will be enforced by requiring future workers at NSB-
NLON to first coordinate with the installation's IR Program Manager, who will advise the work proponent 
of the LUCs imposed, if any, at the proposed work location.  As long as access to the Zone 4 and Outer 
Pier 1 area is controlled by the Navy, these LUCs will be implemented in accordance with the LUC RD, in 
coordination with the state, which owns the subtidal area.  If the property adjacent to the area covered by 
the LUC RD is transferred from the Navy to another federal owner, upon meeting the requirements for 
transfer under the NSB-NLON FFA, the Navy will ensure, as part of the transfer process, that the gaining 
agency is made aware of the existing controls and will take appropriate action to ensure such controls 
remain in place.  If the property is ever transferred to non-federal ownership, environmental land use 
restrictions (ELURs) (i.e., deed restrictions), meeting state property law standards, will be recorded to 
incorporate all LUCs called for under the ROD that are still deemed necessary at that time. In addition, if 
the Navy property is ever transferred out of federal control, and restrictions over the adjacent state-owned 
Thames River land (i.e., land below high tide) are deemed necessary to the continued viability of the 
remedy at that time, the Navy will as part of the transfer process coordinate with the state to determine 
what land use restrictions the state will be able and willing to impose on such state-owned property.  
Additionally, if necessary, the Navy will explore the option of coordinating with the Coast Guard and river 
stakeholders in the promulgation of a rule to establish a regulated navigation area (RNA) for the portion of 
the river requiring LUCs.  An RNA would create federally enforceable navigation access restrictions to 
protect the LUC area from disturbance and to delineate the area of the LUCs on federal navigation charts. 
Although the Navy may transfer the procedural LUC responsibilities to another party by contract, property 
transfer agreement, or through other means, the Navy will retain ultimate responsibility for remedy 
integrity. LUCs will be maintained until the concentrations of hazardous substances in the sediment are at 
such levels to allow for unlimited use and unrestricted exposure. 
 
A long-term surface water and sediment monitoring program will be developed and implemented because 
contaminated sediment with an unacceptable ecological risk is to remain in place at Zone 4 and Outer 
Pier 1.  Monitoring will be conducted to confirm that the remedy remains protective and that contaminants 
are not migrating to surface water or areas of sediment that are currently uncontaminated.  Monitoring 
compliance with LUCs will occur at least annually.   
 
Reviews will be performed every 5 years to evaluate site status, assess the continued adequacy of 
remedial activities, and determine whether further action is necessary. Five-year reviews are required 
because the sediment that remains presents an unacceptable ecological risk. 
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FIGURE 2-28.  ZONE 4 AND OUTER PIER 1 SEDIMENT – AREAS THAT EXCEEDED REMEDIAL 

GOALS AND WILL BE MANAGED UNDER THE SELECTED ALTERNATIVE. 
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2.5.6.2.3 Expected Outcomes of Selected Remedy for Zone 4 and Outer Pier 1 Sediment 

The current use of the site as an industrial area, which will be supported by the Selected Remedy, is 
expected to continue at Zone 4 and Outer Pier 1, and there are no other planned land uses in the 
foreseeable future.  However, if land use changes in the future, and uses other than as an industrial site 
are expected, other remedial approaches would be required and a ROD amendment would be needed.  
Surface water at the site is not used and is not expected to be used in the future, and the Selected 
Remedy will have no impact on current or future surface water uses available at the site.  There are no 
socio-economic, community revitalization, or economic impacts or benefits associated with 
implementation of the Selected Remedy.  It is estimated that LUCs will be achieved within approximately 
3 months and dredging will take 5 months; therefore, upon implementation the RAOs for Zone 4 and 
Outer Pier 1 sediment will be achieved approximately 8 months after planning.  Table 2-26 describes how 
the Selected Remedy mitigates risk and achieves the RAOs for Zone 4 and Outer Pier 1 sediment. 
 

TABLE 2-26.  HOW SELECTED REMEDY MITIGATES ZONE 4 SEDIMENT RISK AND ACHIEVES THE RAOS 

RISK RAO COMMENTS 

Unacceptable 
ecological risks to 
sediment 
invertebrates from 
exposure to 
contaminated 
sediment.  

Reduce risks to sediment invertebrates 
from exposure to 
bioavailable/bioaccessible COCs in 
Thames River sediment at Zone 4 and 
Outer Pier 1 to acceptable levels.  

Removal of contaminated sediment in Zone 4 and 
institutional controls to prevent disturbance of clean 
sediment covering contaminated sediment in Outer Pier 
1 and along the quay wall will prevent exposure to 
sediment invertebrates.  

Unacceptable 
ecological risks to 
piscivorous birds 
from food-chain 
exposure to 
contaminated 
sediment.  

Reduce risks to piscivorous birds from 
food-chain exposure to 
bioavailable/bioaccessible COCs in 
Thames River sediment at Zone 4 and 
Outer Pier 1 to acceptable levels.   

Removal of contaminated sediment in Zone 4 and 
institutional controls to prevent disturbance of clean 
sediment covering contaminated sediment in Outer Pier 
1 and along the quay wall will prevent exposure to 
sediment invertebrates and piscivorous birds. 

Potential 
ecological risks 
from migration of 
contaminated 
sediment to 
uncontaminated 
areas of the 
Thames River.  

Mitigate the potential for 
bioavailable/bioaccessible COCs in 
Thames River sediment at Zone 4 and 
Outer Pier 1 to migrate to less 
impacted areas of the Thames River 
and cause adverse effects to receptors.  

Removal of contaminated sediment in Zone 4 and 
institutional controls to prevent disturbance of clean 
sediment covering contaminated sediment in Outer Pier 
1 and along the quay wall will prevent migration of 
contaminated sediment to less impacted areas of the 
Thames River. 

 

2.5.7 Statutory Determinations  

2.5.7.1 Zone 4 Soil  

In accordance with the NCP, the Zone 4 Selected Remedy for soil meets the following statutory 
determinations: 
 
 Protection of Human Health and the Environment – Excavation to meet I/C RGs and off-site 

disposal of contaminated soil, LUCs (CERCLA risk-based engineering controls, and institutional 
controls, and inspections), and monitoring will be implemented to achieve RGs. The Selected 
Remedy will prevent future human health risks to I/C and residential receptors from exposure to 
contaminated soil and prevent contaminants from migrating from soil to groundwater.   

 
 Compliance with ARARs – The Selected Remedy will attain all identified federal and state ARARs, 

as presented in Appendix B.   
 

 Cost-Effectiveness – The Selected Remedy represents the most reasonable value for the money by 
providing the maximum permanent degree of protection for the current and planned site use.  The 
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Selected Remedy will cost less than excavation to meet residential use. Detailed costs for the 
Selected Remedy are presented in Appendix C. 

 
 Utilization of Permanent Solutions and Alternative Treatment Technologies or Resource 

Recovery Technologies to the Maximum Extent Practicable – The Selected Remedy represents 
the maximum extent to which permanent solutions and alternative treatment technologies can be 
used in a practical manner at Zone 4.  The in-situ treatment alternative will be more difficult to 
implement than excavation.  Excavation to meet I/C RGs and off-site disposal of contaminated soil, 
LUCs (CERCLA risk-based engineering controls, and institutional controls, and inspections), and 
monitoring provides the best balance of tradeoffs for long-term effectiveness and permanence with 
ease of implementation for reasonable cost. 

 
 Preference for Treatment as a Principal Element – Treatment is not a principal element of the 

Selected Remedy for soil in Zone 4.  The in-situ treatment alternative will be more difficult to 
implement than excavation.  Excavation to meet I/C RGs and off-site disposal of contaminated soil, 
LUCs (CERCLA risk-based engineering controls, and institutional controls, and inspections), and 
monitoring provides a better alternative with respect to implementability.  

 
 Five-Year Review Requirement – Five-year reviews will be conducted because contamination will 

remain in excess of levels that allow for unrestricted use and unlimited exposure. 
 

2.5.7.2 Zone 4 and Outer Pier 1 Sediment  

In accordance with the NCP, the Zone 4 Selected Remedy for sediment meets the following statutory 
determinations: 
 
 Protection of Human Health and the Environment – Dredging to meet ecological RGs and off-site 

disposal of contaminated sediment in Zone 4, LUCs (institutional controls and inspections) to 
maintain cover of clean sediment over contaminated sediment in Outer Pier 1, and monitoring will be 
implemented to achieve RGs. The Selected Remedy will prevent future ecological risks to benthic 
invertebrates and piscivorous birds from exposure to contaminated sediment and prevent 
contaminated sediment from migrating to areas that are uncontaminated.   

 
 Compliance with ARARs – The Selected Remedy will attain all identified federal and state ARARs, 

as presented in Appendix B.  The Selected Alternative is the Least Environmentally Damaging 
Practicable Alternative to protect wetland/aquatic resources under the federal Clean Water Act.  The 
removal, dewatering, handling, and off-site disposal of accessible PCB-contaminated sediments 
exceeding the RGs developed under the Selected Alternative will not pose an unreasonable risk of 
injury to health or the environment under the TSCA.  LUCs and long-term monitoring of inaccessible 
sediments, until such time as it is shown that the PCB RG are achieved, also will not pose an 
unreasonable risk of injury to health or the environment under the TSCA. 

 
 Cost-Effectiveness – The Selected Remedy represents the most reasonable value for the money by 

providing the maximum permanent degree of protection for the current and planned site use.  The 
Selected Remedy will cost slightly less than dredging both Zone 4 and Outer Pier 1. Detailed costs for 
the Selected Remedy are presented in Appendix C. 

 
 Utilization of Permanent Solutions and Alternative Treatment Technologies or Resource 

Recovery Technologies to the Maximum Extent Practicable – The Selected Remedy represents 
the maximum extent to which permanent solutions and alternative treatment technologies can be 
used in a practical manner for Zone 4 and Outer Pier 1 sediment.  Dredging to meet ecological RGs 
and off-site disposal of contaminated sediment in Zone 4, LUCs (institutional controls and 
inspections) for potentially contaminated sediment beneath the quay wall and pier structure along 
Zone 4 and to maintain cover of clean sediment over contaminated sediment in Outer Pier 1, and 
monitoring provides the best balance of tradeoffs for long-term effectiveness and permanence with 
ease of implementation for reasonable cost. 
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 Preference for Treatment as a Principal Element – Treatment is not a principal element of the 

Selected Remedy for sediment in Zone 4 and Outer Pier 1.  None of the alternatives involve 
treatment, except to the extent dewatering fluid is treated on-site.  Treating dewatering fluid on-site 
will be more difficult to implement than off-site disposal of dewatering fluid.  Dredging to meet 
ecological RGs and off-site disposal of contaminated sediment in Zone 4, LUCs (institutional controls 
and inspections) to maintain cover of clean sediment over contaminated sediment in Outer Pier 1, 
and monitoring provides a better alternative with respect to implementability.  

 
Five-Year Review Requirement – Five-year reviews will be conducted because contamination will 
remain in excess of levels that allow for unrestricted use and unlimited exposure. 
 

2.6 ZONE 5  

2.6.1 Site Characteristics 

2.6.1.1 Physical Characteristics 

Zone 5 contains Site 22, which includes Pier 33, Building 175, and approximately 400 lf of additional 
riverfront property adjacent to these two structures (Figure 2-29).  The Thames River abuts Zone 5 to the 
west, and the Providence and Worcester Railroad lies to the east.  Zone 5 is generally level and covered 
by Building 175 and pavement.  Surface elevations range from 5 to 7 feet above mean sea level (msl) 
across the site and increase rapidly east of Building 175 to the 30-foot elevation terrace underlying the 
golf course. The soils of Zone 5 are classified as Urban Land and the surficial geology is classified as 
stratified glacial drift deposits of the 30-foot elevation terrace along the Thames River.  The site is 
underlain by fill consisting of sand or sand and gravel.  Fill extends to bedrock and ranges from 5 feet 
thick in the eastern portion of the site to 20 feet thick at the edge of the quay wall.  The bedrock surface is 
approximately 6 to 12 feet bgs along the Thames River in Zone 5. 
 
The unconfined water table at Zone 5 occurs within the sand and gravel backfill and the underlying 
natural sand unit at a depth of approximately 4 feet bgs.  Groundwater flow is to the west toward the 
Thames River.  Groundwater at Zone 5 is only slightly influenced by tidal fluctuations in the Thames 
River.   
 
Four stormwater system outfalls discharge directly to the Thames River from Zone 5 and the area just 
south of Zone 5 (Figure 2-29).  The stormwater system outfall located midway between Building 175 in 
Zone 5 and Building 174 in Zone 6 was previously monitored annually during a storm event under the 
basewide General NPDES Storm Water Permit.  Sampling of the outfall was discontinued in 2004.  A box 
culvert between Buildings 175 and 176 conveys surface drainage (i.e., Stream 6) from the Area A 
Downstream Watercourses (Site 3), east of Zone 5, to the Thames River.  
 

2.6.1.2 Conceptual Site Model 

Figure 2-30 presents the Zone 5 CSM.  Suspected contaminant sources in Zone 5 consisted of releases 
of chemicals from a former UST and above ground storage tanks (AST) and transfer lines from the ASTs.  
No spills were reported from the ASTs or transfer lines, but stained soil was observed around the fill pipe 
of the former UST.  No subsurface steam and condensate ducts or former fuel oil distribution lines extend 
into Zone 5.  Potential receptors and exposure pathways are discussed in Section 2.1.5.2.  
 

2.6.1.3 Nature and Extent of Contamination  

No chemicals that pose an unacceptable CERCLA risk were identified in any Zone 5 media.  Leaks of 
petroleum products from the former UST and chemicals from the ASTs and transfer lines resulted in the 
release of PAHs and other chemicals to the soil in Zone 5, but concentrations were not great enough to 
cause an unacceptable CERCLA risk under either industrial or residential land use.  Figure 2-31 shows 
the concentrations of chemicals detected that were contaminants of potential concern (COPCs) based on 
an initial screening, but were not found to cause unacceptable CERCLA risk based on the HHRA that was  
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FIGURE 2-29.  ZONE 5 SITE FEATURES 
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FIGURE 2-30.  ZONE 5 CONCEPTUAL SITE MODEL 
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FIGURE 2-31.  ZONE 5 EXTENT OF CONTAMINATION 
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completed using EPA methodology.  Extractable total petroleum hydrocarbon (ETPH), a non-CERCLA 
contaminant, was detected in Zone 5 soil at concentrations greater than CTDEEP RSR criteria.  The Navy 
is working with the CTDEEP to remediate the ETPH-contaminated soil under a separate CTDEEP 
regulatory program. 
 
Two PAHs were detected in Zone 5 subsurface soil at high concentrations (greater than 1,000 µg/kg): 
Benzo(a)pyrene at 1,100 µg/kg and benzo(b)fluoranthene at 1,200 µg/kg, both at location TB4-5RI 
(Figure 2-31).  The SVOC 2-methylnapthalene was detected at high concentrations (greater than 12,000 
µg/kg) in subsurface soil samples collected from TB1-5RI (21,000 µg/kg) and 19MW3 (23,000 µg/kg).  
One VOC (methylene chloride) was detected at high concentrations (greater than 1,000 µg/kg) at 19MW3 
(1,900 µg/kg).   
 
Concentrations of inorganics in Zone 5 soil were generally low compared to other zones.  Lead 
concentrations in Zone 5 soil were low (less than 100 mg/kg).  The maximum concentration detected in 
surface soil (48.4 mg/kg) was less than the maximum concentration in subsurface soil (91.2 mg/kg).   
 
TCLP lead results were generally low and were not above PMC, except at 19SS1 (0.173 mg/L) and 
19MW2 (0.42 mg/L).  A sample located near 19MW2 (TB6-5RI) had very low SPLP results (0.002 and 
0.0016 mg/L), suggesting that lead is not leachable in this area.   
 
Although two Zone 5 samples were above the lead PMC for residential land use, based on the TCLP lead 
results, subsequent adjacent SPLP lead results were below the lead PMC for residential land use.  In 
addition, the results of groundwater sampling indicated that lead has not migrated from the soil into 
groundwater. The maximum total and dissolved concentrations of lead in groundwater at Zone 5 were 
less than or similar to New London background groundwater concentrations.    
 

2.6.2 Summary of Zone 5 Risk Assessment 

The most recent HHRA for Zone 5 surface water, shellfish, and finfish was part of the 1999 RI (Tetra 
Tech, 1999) and the most recent HHRA for Zone 5 soil and groundwater was part of the FS Addendum in 
2012 (Tetra Tech, 2012).  The ERA completed for Zone 5 surface water and sediment in the Phase II RI 
(Brown & Root Environmental, 1997) concluded that benthic invertebrates were the only receptor of 
concern.  The ERA was updated for the 1999 RI (Tetra Tech 1999) to further evaluate risks to benthic 
invertebrates exposed to Zone 5 sediment.  
 

2.6.2.1 Summary of Human Health Risk Assessment Results  

Tables summarizing data used in the HHRA and associated results are presented in Appendix F.5.  
Tables 1 through 3 in Appendix F.5 for Zone 5 present EPCs for the COPCs identified at Zone 5 in 
surface soil, surface/subsurface soil, and groundwater.  Tables 4 and 5 in Appendix F.5 for Zone 5 
provide non-carcinogenic hazard information relevant to the Zone 5 COPCs for oral/dermal and inhalation 
routes of exposure, respectively.  Tables 6 and 7 in Appendix F.5 for Zone 5 provide carcinogenic risk 
information relevant to the Zone 5 COPCs for oral/dermal and inhalation exposure.   
 
Tables 8 through 12 in Appendix F.5 for Zone 5 provide RME cancer risk estimates for the significant 
receptors and routes of exposure developed by taking into account various conservative assumptions 
about the frequency and duration of exposure for each receptor and also about the toxicity of the COPCs.  
Total carcinogenic risk estimates for soil exposure routes were 4 x 10

-7
 for construction workers, 1 x 10

-6
 

for current full-time employees, 3 x 10
-6

 for future full-time employees, 3 x 10
-5

 for child residents, 5 x 10
-6

 
for adult residents, and 3 x 10

-5
 for lifetime residents.  Total carcinogenic risk estimates for groundwater 

direct exposure were 2 x 10
-8

 for current and future construction workers.  The risk levels for current and 
future construction workers and full-time employees indicate that if no cleanup action was taken, the 
increased probabilities of developing cancer as a result of site-related exposure would range from 
approximately 4 in 10,000,000 to 3 in 1,000,000, within EPA’s acceptable risk range.  The risk levels for 
hypothetical future adult, child, and lifetime residents indicate that if no cleanup action was taken, the 
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increased probabilities of developing cancer as a result of site-related exposure would range from 
approximately 5 in 1,000,000 to 3 in 100,000, within EPA’s acceptable risk range.   
 
Tables 8 through 12 in Appendix F.5 for Zone 5 also provide RME non-cancer HQs for the each receptor 
and route of exposure and total HIs for all routes of exposure.  Total HIs for soil exposure routes were 0.4 
for construction workers, 0.009 for current full-time employees, 0.01 for future full-time employees, 0.1 for 
child residents, and 0.02 for adult residents.  The total HI for groundwater direct exposure was 0.1 for 
construction workers.  HIs for all receptors under the RME scenario were less than or equal to unity (1).   
 
Concentrations of ethylbenzene in Zone 5 groundwater samples exceeded EPA screening levels for 
migration from groundwater to air and was evaluated for potential risks to hypothetical residents using 
EPA’s Johnson and Ettinger volatilization model (2003b).  The total carcinogenic risk estimate for this 
pathway was 7 x 10

-7 
for lifetime residents.  The total HI for this pathway was 0.0006 for lifetime residents.  

The results of the modeling indicated no cancer risks or non-cancer hazards for the groundwater to air 
pathway.  Vapor intrusion modeling results are included as part of Appendix F.  
 
Based on the results of the HHRA, no cancer risks or non-cancer hazards were identified for current or 
potential future human receptors.  
 

2.6.2.2 Summary of Ecological Risk Assessment Results 

As summarized in Section 2.1.7.2, the 1999 RI concluded that surface water and sediment in Zone 5 
does not pose unacceptable risk to ecological receptors.  As previously summarized in Section 2.1.5.2, 
soil is not a medium of concern for ecological receptors. 
 

2.6.2.3 Basis for No Further Action Decision  

No unacceptable risks were identified for ecological receptors exposed to surface water or sediment, and 
no complete exposure pathways exist for ecological receptors for soil in Zone 5.  No unacceptable risks 
were identified for human receptors exposed to soil or groundwater under either current or future land 
use, and no complete exposure pathways exist for human receptors for surface water or sediment in 
Zone 5.  Because no unacceptable risks were identified, the Navy and EPA have concluded, with 
concurrence from CTDEEP, that No Further Action is necessary for Zone 5 to protect public health and 
welfare from actual or threatened releases of these hazardous substances into the environment.  
Because hazardous substances are not present at the site in excess of levels that allow for unlimited use 
and unrestricted exposure, five-year reviews are not required.  However, even though no action is 
required under CERCLA, petroleum-contaminated soil is present in Zone 5 and will be remediated in 
accordance with State Law. 
 

2.7 ZONE 6  

2.7.1 Site Characteristics 

2.7.1.1 Physical Characteristics 

Zone 6 is located east of Pier 32 in the northern section of the Lower Subase (Figure 2-32). Zone 6 is 
relatively level from Building 174 west to the Thames River and is paved.  The ground surface slopes 
steeply east of Building 174 to the 30-foot terrace on which the NSB-NLON golf course is built.  The 
Providence and Worcester Railroad is located between Zone 6 and the golf course.  Soils in Zone 6 are 
classified as Urban Land and the surficial geology is classified as stratified glacial drift deposits of the 30-
foot elevation terrace along the Thames River.  Sand and gravel fill extends to at least 8 feet bgs in Zone 
6 along Amberjack Road adjacent to the river.  Natural deposits were encountered at approximately 8 feet 
bgs.  The bottom of the stratified drift was not encountered; therefore, its depth is unknown.  Bedrock was 
estimated to be approximately 40 feet bgs.   
 
Depth to the unconfined water table in Zone 6 is approximately 2 to 4 feet bgs along Amberjack Road and 
27 feet on the 30-foot terrace.  Groundwater is estimated to flow to the west toward the Thames River. 
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Surface water runoff within the zone drains to the river via storm sewers.  Two stormwater system outfalls 
discharge directly to the Thames River from Zone 6 (Figure 2-32).  The stormwater system outfall located 
midway between Building 175 in Zone 5 and Building 174 in Zone 6 was previously monitored annually 
during a storm event under the basewide General NPDES Storm Water Permit.  Sampling of the outfall 
was discontinued in 2004.  
 

2.7.1.2 Conceptual Site Model 

Figure 2-33 presents the Zone 6 CSM.  Suspected contaminant sources in Zone 6 consisted of releases 
of chemicals from paint and boat sandblasting activities at Site 24.  No subsurface steam and condensate 
ducts or former fuel oil distribution lines extend into Zone 6.  Potential receptors and exposure pathways 
are discussed in Section 2.1.5.2.  
 

2.7.1.3 Nature and Extent of Contamination 

No chemicals above regulatory criteria were identified for any media in Zone 6.  It was suspected that 
paint and boat sandblasting activities that took place at Site 24 could have impacted the soil in Zone 6, 
but concentrations were not above regulatory criteria under either industrial or residential land use, as 
shown on Figure 2-34.  PAHs were detected in 5 of 10 analyzed samples but concentrations were low.  
Maximum concentrations of a majority of inorganics were similar in Zone 6 surface and subsurface soil 
samples.  Many detected concentrations were near background concentrations.  SPLP analysis for 
inorganics was performed on both surface and subsurface soil samples.  SPLP inorganics were not 
detected in five of six samples, with one detection of 0.003 mg/kg at location MW4-6RI, indicating that 
inorganics in Zone 6 soil were not greater than soil-to-groundwater migration PMC. VOCs and SVOCs 
were detected infrequently and were reported at low concentrations.  The majority of inorganics, most 
naturally occurring, were detected in the groundwater sample from MW2-6RI, located southwest of 
Building 174. 
 

2.7.2 Summary of Zone 6 Risk Assessment 

The most recent HHRA for Zone 6 surface water, shellfish, and finfish was part of the 1999 RI (Tetra 
Tech, 1999) and the most recent HHRA for Zone 6 soil and groundwater was part of the FS Addendum in 
2012 (Tetra Tech, 2012).  The ERA completed for Zone 6 surface water and sediment in the Phase II RI 
(Brown & Root Environmental, 1997) concluded that benthic invertebrates were the only receptor of 
concern.  The ERA was updated for the 1999 RI (Tetra Tech 1999) to further evaluate risks to benthic 
invertebrates exposed to Zone 6 sediment.  
 

2.7.2.1 Summary of Human Health Risk Assessment Results 

Tables summarizing data used in the HHRA and associated results are presented in Appendix F.6.  
Tables 1 through 3 in Appendix F.6 for Zone 6 present EPCs for the COPCs identified at Zone 6 in 
surface soil, surface/subsurface soil, and groundwater.  Tables 4 and 5 in Appendix F.6 for Zone 6 
provide non-carcinogenic hazard information relevant to the Zone 6 COPCs for oral/dermal and inhalation 
routes of exposure, respectively.  Tables 6 and 7 in Appendix F.6 for Zone 6 provide carcinogenic risk 
information relevant to the Zone 6 COPCs for oral/dermal and inhalation exposure.   
 
Tables 8 through 12 in Appendix F.6 for Zone 6 provide RME cancer risk estimates for the significant 
receptors and routes of exposure developed by taking into account various conservative assumptions 
about the frequency and duration of exposure for each receptor and also about the toxicity of the COPCs.  
Total carcinogenic risk estimates for soil exposure routes were 1 x 10

-7
 for construction workers, 4 x 10

-6
 

for current full-time employees, 2 x 10
-6

 for future full-time employees, 2 x 10
-5

 for child residents, 4 x 10
-6

 
for adult residents, and 2 x 10

-5
 for lifetime residents.  Total carcinogenic risk estimates for groundwater 

direct exposure were 5 x 10
-9

 for current and future construction workers.  The risk levels for current and 
future construction workers and full-time employees indicate that if no cleanup action was taken, the 
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FIGURE 2-32.  ZONE 6 SITE FEATURES 
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FIGURE 2-33.  ZONE 6 CONCEPTUAL SITE MODEL 
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FIGURE 2-34.  ZONE 6 EXTENT OF CONTAMINATION 
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increased probabilities of developing cancer as a result of site-related exposure would range from 
approximately 5 in 1,000,000,000 to 4 in 1,000,000, within EPA’s acceptable risk range.  The risk levels 
for hypothetical future adult, child, and lifetime residents indicate that if no cleanup action was taken, the 
increased probabilities of developing cancer as a result of site-related exposure would range from 
approximately 4 in 1,000,000 to 2 in 100,000, within EPA’s acceptable risk range.   
 
Tables 8 through 12 in Appendix F.6 for Zone 6 also provide RME non-cancer HQs for the each receptor 
and route of exposure and total HIs for all routes of exposure.  Total HIs for soil exposure routes were 0.3 
for construction workers, 0.009 for current full-time employees, 0.009 for future full-time employees, 0.1 
for child residents, and 0.01 for adult residents.  The total HI for groundwater direct exposure was 0.008 
for construction workers.  HIs for all receptors under the RME scenario were less than unity (1).   
 
Concentrations of chloroform in Zone 6 groundwater samples exceeded EPA screening levels for 
migration from groundwater to air and was evaluated for potential risks to hypothetical residents using 
EPA’s Johnson and Ettinger volatilization model (2003b).  The total carcinogenic risk estimate for this 
pathway was 1 x 10

-5 
for lifetime residents.  The total HI for this pathway was 0.01 for lifetime residents.  

The results of the modeling indicated no cancer risks or non-cancer hazards for the groundwater to air 
pathway.  Vapor intrusion modeling results are included as part of Appendix F.  
 
Based on the results of the HHRA, no cancer risks or non-cancer hazards were identified for current or 
potential future human receptors.  
 

2.7.2.2 Summary of Ecological Risk Assessment Results 

As summarized in section 2.1.7.2, the 1999 RI concluded that surface water and sediment in Zone 6 does 
not pose unacceptable risk to ecological receptors.  As previously summarized in Section 2.1.5.2, soil is 
not a medium of concern for ecological receptors. 
 

2.7.2.3 Basis for No Further Action Decision 

No unacceptable risks were identified for ecological receptors exposed to surface water or sediment, and 
no complete exposure pathways exist for ecological receptors for soil in Zone 6.  No unacceptable risks 
were identified for human receptors exposed to soil or groundwater under either current or future land 
use, and no complete exposure pathways exist for human receptors for surface water or sediment in 
Zone 6.  Because no unacceptable risks were identified, the Navy and EPA have concluded, with 
concurrence from CTDEEP, that No Further Action is necessary for Zone 6 to protect public health and 
welfare from actual or threatened releases of these hazardous substances into the environment.  
Because hazardous substances are not present at the site in excess of levels that allow for unlimited 
exposure and unrestricted use, five-year reviews are not required. 
 

2.8 ZONE 7  

2.8.1 Site Characteristics 

2.8.1.1 Physical Characteristics 

Zone 7 (Figure 2-35) extends from just north of Building 478 to the southern side of Dorado Road.  Over a 
majority of the zone, topography slopes gently from the eastern side towards the Thames River; however, 
the ground surface rises rapidly east of Buildings 456 and 478 to the 30-foot terrace east of Zone 7.  The 
zone is entirely covered with pavement and buildings.  The soils of Zone 7 are classified as Urban Land, 
and the surficial geology is classified as artificial fill.  Zone 7 is underlain by 6 to 16 feet of sand and 
gravel fill underlain by natural gravelly sand and gravel units to approximately 50 feet bgs.  An area of fill 
mixed with metal, brick, glass, plastic, concrete, and other types of debris extends from approximately 
20MW5 and 20MW6 in the north to MW5-7RI and 20TB3 in the south (Figure 2-35).  The debris fill 
thickens from 8 to 12 feet at 20TB3 and 20MW5, respectively, to greater than 16 feet at 20TB4 and MW5-
7RI.  Bedrock underlies the gravelly sand and gravel units.   
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FIGURE 2-35.  ZONE 7 SITE FEATURES 
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Groundwater flow across Zone 7 is to the west toward the Thames River, with a slight low in the area of 
20MW5.  Depth to the unconfined water table varies from 3 to 6 feet bgs across Zone 7.  Monitoring wells 
within approximately 100 feet of the Thames River at Zone 7 are tidally influenced.  However, the tidal 
influence is minimal, with less than a 0.75-foot change in water levels in monitoring wells for 4 feet of 
change in the Thames River.  Surface water runoff from Zone 7 drains into the Thames River via storm 
sewers, as illustrated on Figure 2-35.  Three stormwater system outfalls discharge directly to the Thames 
River from Zone 7.   

2.8.1.2 Conceptual Site Model 

Figure 2-36 presents the Zone 7 CSM.  Suspected contaminant sources in Zone 7 included the classified 
materials incinerator at Site 25, a former UST containing diesel fuel, former underground fuel oil 
distribution lines, transformers that formerly contained PCB-oils, and activities at Site 21.  The steam, 
condensate, and electrical lines may have acted as conduits to transport contaminants.  The lead 
detected in Zone 7 soil may be associated with historical use or maintenance of batteries for submarines, 
historical use of lead ballast by the Navy, or construction debris and ash noted in Zone 7 borings.  
Potential receptors and exposure pathways are discussed in Section 2.1.5.2.  
 

2.8.1.3 Nature and Extent of Contamination 

PAHs, lead, antimony, arsenic, hexavalent chromium, and copper were detected at elevated 
concentrations (i.e., regulatory criteria) in Zone 7 soil.  Releases from the classified materials incinerator, 
former fuel distribution lines and UST, and other sources resulted in the release of PAHs, lead, and other 
metals to soil in Zone 7.  Figure 2-37 shows the areal extent of PAH concentrations, represented by 
BaPEQ, in Zone 7 soil from the ground surface to the water table, and Figure 2-38 shows the areal extent 
of PAH concentrations in Zone 7 soil from the ground surface to 15 feet bgs.  Two cross sections showing 
PAH contamination in Zone 7 are shown on Figure 2-39.  Figure 2-40 shows the areal extent of lead 
concentrations in Zone 7 soil from the ground surface to the water table and Figure 2-41 shows the areal 
extent of lead concentrations in Zone 7 soil from the ground surface to 15 feet bgs.  Two cross sections 
showing lead contamination in Zone 7 are shown on Figure 2-42.   
 
Relatively high BaPEQ concentrations are indicated on Figures 2-37 through 2-39 and cover much of 
Zone 7.  The maximum concentration of PAHs in surface soil was detected at Z7-PDI-003, with a BaPEQ 
concentration of 14,660 µg/kg (Figure 2-39).  Maximum concentrations of PAHs in subsurface soil were 
detected in the same area west of Building 456 at location 20MW6, with a BaPEQ concentration of 
22,860 µg/kg (Figure 2-39).   
 
Concentrations of lead in soil within Zone 7 are greater than lead concentrations reported in soil in any of 
the other Lower Subase zones.  Lead was detected at elevated concentrations over most of the eastern 
half of Zone 7.  The lead detected in Zone 7 soil may be associated with historical use or maintenance of 
batteries for submarines, historical use of lead ballast by the Navy, or construction debris or ash and 
cinders, possibly from the former incinerator, noted in Zone 7 borings.  Overall, where present, ash and 
cinders are generally a minor component of the fill (sand being the predominant component), whereas 
pure ash and cinders occurred only at 20MW6.  A former incinerator was located at Site 25 and is the 
likely source of the ash and cinders.  The area of lead-contaminated soil extends from the southern end 
of Building 478, along the western side of Building 456, to the northern ends of Buildings 103 and 106 
(Figures 2-40 and 2-41).  A cross-section of Zone 7 through the area of maximum lead concentrations is 
shown as Figure 2-42.  The maximum concentration of lead in surface soil (31,400 mg/kg) was detected 
near the southwestern corner of Building 456 at Z7PDI-007 (Figure 2-42). The maximum lead 
concentration in subsurface soil was 189,000 mg/kg from location 20MW6 to the west of Building 456 
(Figure 2-42).   
 
Antimony was detected in surface and subsurface soil at Zone 7.  Antimony is generally found in 
automobile brake pads, plastics, flame retardants, electronics, and solder.  Antimony is also commonly 
mixed (alloyed) with other metals such as lead to make the lead harder and stronger for use in lead-acid 
batteries.  Therefore, it is possible that the antimony detected in Zone 7 may be associated with historical 
use or maintenance of batteries for submarines by the Navy at the Lower Subase.  Antimony was 
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FIGURE 2-36.  ZONE 7 CONCEPTUAL SITE MODEL 
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FIGURE 2-37.  ZONE 7 BAPEQ CONCENTRATIONS, GROUND SURFACE TO GROUNDWATER 

TABLE 
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FIGURE 2-38.  ZONE 7 BAPEQ CONCENTRATIONS, GROUND SURFACE TO 15 FEET BELOW 

GROUND SURFACE 
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FIGURE 2-39.  ZONE 7 BAPEQ CROSS-SECTIONS 
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FIGURE 2-40.  ZONE 7 LEAD CONCENTRATIONS, GROUND SURFACE TO GROUNDWATER TABLE 
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FIGURE 2-41.  ZONE 7 LEAD CONCENTRATIONS, GROUND SURFACE TO 15 FEET BELOW 

GROUND SURFACE 
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FIGURE 2-42.  ZONE 7 LEAD CROSS-SECTIONS 
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detected in 7 of 12 surface soil samples, with a maximum concentration of 50.6 mg/kg in soil boring 
Z7PDI-007.  Antimony was detected in 17 of 39 subsurface soil samples, with a maximum concentration 
of 1,820 mg/kg in soil boring 20TB4 at a depth of 14 to 16 feet bgs (see Figure 2-35 for location of 
borings).  
 
Total chromium was detected in both surface soil samples and five out of five subsurface samples, with 
an overall maximum concentration of 17.4 mg/kg at Z7PDI-005, east of Building 456.  Hexavalent 
chromium was detected in one of two surface samples at a concentration of 0.78 mg/kg at Z7PDI-005, 
and in two of five samples in subsurface soil, with a maximum concentration of 0.53 mg/kg at Z7PDI-003, 
southeast of Building 157 (see Figure 2-35 for location of borings). 
 
Although concentrations of PAHs and metals were detected at levels greater than pollutant mobility 
regulatory criteria, these compounds were detected infrequently and at low concentrations in Zone 7 
groundwater samples.  Leachate tests using both TCLP and SPLP were performed on Zone 7 soil 
samples to compare to pollutant mobility regulatory criteria for lead and antimony in Zone 7.  Some very 
high mass lead and leachate lead results correspond to locations where ash and cinders are noted in the 
boring logs.  The maximum SPLP lead concentration in surface soil (1.04 mg/L) was detected at Z7PDI-
007 (Figure 2-42).  The maximum TCLP lead concentration was detected in the sample from 20MW5 at a 
depth of 6 to 8 feet (45.9 mg/L) (Figure 2-42).  Surface soil SPLP antimony results ranged from 0.0027 to 
0.377 mg/kg, and subsurface SPLP antimony results ranged from 0.0027 to 0.627 mg/kg.  Maximum 
surface and subsurface SPLP antimony concentrations were detected at Z7PDI-010.  Inorganic 
concentrations detected in Zone 7 groundwater during the PDI were much less than the project action 
limits, indicating that inorganic contamination in soil has not migrated to groundwater.   
 

2.8.2 Summary of Zone 7 Risks 

The most recent HHRA for Zone 7 surface water, shellfish, and finfish was part of the 1999 RI (Tetra 
Tech, 1999) and the most recent HHRA for Zone 7 soil and groundwater was part of the FS Addendum in 
2012 (Tetra Tech, 2012).  The most recent ERA was performed for Zone 7 sediment as part of the 
Thames River Validation Study (Battelle, 2008) to further evaluate risks to benthic invertebrates and 
piscivorous birds exposed to Zone 7 sediment.  
 

2.8.2.1 Summary of Human Health Risks 

Tables summarizing data used in the HHRA and associated results are presented in Appendix F.7.  
Tables 1 through 3 in Appendix F.7 for Zone 7 present EPCs for the COPCs identified at Zone 7 in 
surface soil, surface/subsurface soil, and groundwater.  Tables 4 and 5 in Appendix F.7 for Zone 7 
provide non-carcinogenic hazard information relevant to the Zone 7 COPCs for oral/dermal and inhalation 
routes of exposure, respectively.  Tables 6 and 7 in Appendix F.7 for Zone 7 provide carcinogenic risk 
information relevant to the Zone 7 COPCs for oral/dermal and inhalation exposure.   
 
Tables 8 through 12 in Appendix F.7 for Zone 7 provide RME cancer risk estimates for the significant 
receptors and routes of exposure developed by taking into account various conservative assumptions 
about the frequency and duration of exposure for each receptor and also and the toxicity of the COPCs.  
Total carcinogenic risk estimates for soil exposure routes were 1 x 10

-6
 for construction workers, 3 x 10

-5
 

for current full-time employees, 2 x 10
-5

 for future full-time employees, 2 x 10
-4

 for child residents, 4 x 10
-5

 
for adult residents, and 3 x 10

-4
 for lifetime residents.  Total carcinogenic risk estimates for groundwater 

direct exposure were 7 x 10
-9

 for current and future construction workers.  The risk levels for construction 
workers, current and future full-time employees, and adult residents indicate that if no cleanup action was 
taken, the increased probabilities of developing cancer as a result of site-related exposure would range 
from approximately 1 in 1,000,000 to 4 in 100,000, within EPA’s acceptable risk range.  The risk levels for 
hypothetical child and lifetime residents indicate that if no cleanup action was taken, the increased 
probabilities of developing cancer as a result of site-related exposure would range from approximately 3 
in 10,000 to 2 in 10,000, which exceed EPA’s acceptable risk range.  Carcinogenic PAHs and arsenic in 
surface/subsurface soil were the major contributors to the unacceptable cancer risk estimates for the 
hypothetical child and lifetime residents.   
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Tables 8 through 12 in Appendix F.7 for Zone 7 also provide RME non-cancer HQs for the each receptor 
and route of exposure and total HIs for all routes of exposure.  Total HIs for soil exposure routes were 2 
for construction workers, 0.05 for current full-time employees, 1 for future full-time employees, 14 for child 
residents, and 2 for adult residents.  The total HI for groundwater direct exposure was 0.04 for 
construction workers.  HIs for current and future full-time employees exposed to surface/subsurface soil 
and construction workers exposed to groundwater under the RME scenario were less than or equal to 
unity (1).  The HI for hypothetical adult residents was greater than the acceptable level of 1; however, HIs 
for individual target organs were less than or equal to 1.  HIs for construction workers and hypothetical 
child residents exposed to surface/subsurface soil exceeded the acceptable level of 1.  Antimony in 
surface/subsurface soil was the major contributor to the elevated HIs for construction workers and 
hypothetical child residents.  Antimony was detected at an elevated concentration (1,820 mg/kg) in a 
subsurface soil sample from 14 to 16 feet bgs.  If this one sample out of 51 samples is excluded from the 
calculation, then the 95 percent UCL value would decrease from 414 mg/kg to 31.3 mg/kg and the HIs for 
the construction worker and hypothetical child resident would decrease from 2 and 13 to 0.8 and 2, 
respectively.  HIs for individual target organs would be less than or equal to 1.  In addition, because the 
sample was collected from a depth of 14 to 16 feet bgs, which is 8 to 10 feet below the water table, it is 
unlikely that the construction worker or hypothetical child resident would ever actually be exposed to this 
sample.  
 
Risks from lead exposure were evaluated for child residents and construction workers and full-time 
employees.  Lead modeling for future child residents was performed using the IEUBK lead model, 
Version 1.1, Build 11, and lead modeling for construction workers and full-time employees, with the fetus 
of a pregnant worker as the receptor of concern, was performed using a slope-factor approach developed 
by the EPA TRW for Lead (2003a, 2009).  The average lead concentration in surface or 
surface/subsurface soil, which was 5,370 mg/kg for child residents, construction workers, and full-time 
employees exposed to surface/subsurface soil and 2,440 mg/kg for full-time employees exposed to 
surface soil, was used as the EPC, as recommended by the lead models.  Lead modeling indicated that 
the average lead concentration in surface and surface/subsurface soil results in a range of 6.3 to 99 
percent of children or fetuses with blood-lead levels greater than 10 µg/dL.  These values exceed the 
EPA goal of no more than 5 percent of children or fetuses of exposed women with blood-lead levels 
exceeding 10 µg/dL.  Lead modeling results are included as part of Appendix F.  
 
Concentrations of chloroform and trichloroethene in Zone 7 groundwater samples exceeded EPA 
screening levels for migration from groundwater to air and were evaluated for potential risks to 
hypothetical residents using EPA’s Johnson and Ettinger volatilization model (2003b).  The total 
carcinogenic risk estimate for this pathway was 1 x 10

-6 
for lifetime residents.  The total HI for this 

pathway was 0.01 for lifetime residents.  The results of the modeling indicated no cancer risks or non-
cancer hazards for the groundwater to air pathway.  Vapor intrusion modeling results are included as part 
of Appendix F.  
 
Based on the results of the HHRA, cancer risks were identified for hypothetical child and lifetime residents 
and non-cancer hazards were identified for construction workers and hypothetical child residents.  Also, 
risks from lead exposure were identified for hypothetical child residents, construction workers, and current 
and future full-time employees. 
 

2.8.2.2 Summary of Ecological Risks 

Several metals, PAHs, and pesticides were identified as COPCs that cause potential risk to benthic 
organisms for Zone 7, and three metals were identified as COPCs for potential risk to upper-trophic-level 
piscivorous birds in the SERA.  These COPCs were also evaluated in the BERA, which further evaluated 
risks to benthic invertebrates and piscivorous birds.  The Phase II RI and 1999 RI concluded that surface 
water Zone 7 does not pose unacceptable risk to ecological receptors. 
 
To evaluate sediment toxicity to benthic invertebrates (represented by amphipods), 28-day laboratory 
bioassays were conducted using surface sediment from Zone 7.  The bioassay results and corresponding 
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sediment data were evaluated to determine impacts on survival, growth, and reproduction of the 
amphipods.  Organism survival rates in two of six Zone 7 sediment samples, growth rates in four of six 
sediment samples, and reproduction rates at two of six sediment samples were statistically different than 
for samples from a reference area.  Comparing Zone 7 and reference data, the chemical indices ERM-Q 
and metals ERM-Q showed the highest correlative fit with the amphipod survival data.  Total PCBs and 
ERM-Q showed the highest correlative fit with the amphipod growth data.  Total PCB concentrations were 
the most appropriate indicators of reproduction toxicity.  Based on these correlations, thresholds for ERM-
Q values, metals ERM-Q values, and total PCB concentrations associated with reduction in survival, 
growth, and production of offspring were developed.   
 
Reductions in survival, growth, and reproduction from the bioassays do not inherently identify an 
unacceptable ecological impact.  Therefore, a weight-of-evidence approach was used to define the areas 
of sediment that pose risk.  A multiple endpoint risk area defined by sediment that poses moderate to high 
risk for two or more lines of evidence, and a single endpoint risk area based on sediments where any 
single bioassay line of evidence (survival, growth, or reproduction) is reduced by 50 percent or more or 
has food-chain doses greater than the LOAEL toxicity reference value.  For Zone 7, no areas showed risk 
to more than one endpoint and no area had a 50 percent reduction for any single endpoint; therefore, it 
was determined that Zone 7 sediment does not pose unacceptable risk to ecological receptors and no 
PRGs were chosen for sediment in Zone 7.   
 
For the food-chain model, site-specific BAFs were calculated using chemical concentrations in whole-
body fish tissue collected from former Pier 1 and an upstream reference area and sediment chemical 
concentrations for former Pier 1 and the upstream reference area.  Fish collection was not successful in 
Zone 7; therefore, BAFs were calculated for former Pier 1 and the upstream reference area and used for 
Zone 7.  The BAFs were then used as part of the exposure model to determine the exposure dose to 
piscivorous wildlife, and the exposure doses were then compared to toxicity data to determine risks to 
wildlife.  Based on food-chain modeling, no high magnitude risk to piscivorous birds was identified.  Low 
magnitude risk to piscivorous birds was shown for zinc in Zone 7.  However, further evaluation of the 
dose modeling suggested that zinc does not pose unacceptable risk to piscivorous birds.   
 

2.8.2.3 Basis for Action 

Unacceptable human health risks were estimated for hypothetical future residential exposure to soil in 
Zone 7 due to PAHs and lead and for current and future construction worker and full-time employee 
exposure to antimony and lead in Zone 7 soil.  Because risks were identified under both current and 
future land use scenarios for human receptors, a response action is necessary to protect human health or 
the environment from actual or threatened releases of hazardous substances into the environment that 
may present an imminent and substantial endangerment.   
 

2.8.3 Remedial Action Objectives – Zone 7  

The RAOs developed for Zone 7 soil considering current land use at NSB-NLON are as follows: 
 
 Prevent exposure of current and future full-time employees and construction workers to 

surface/subsurface soil containing concentrations of COCs greater than I/C PRGs.  
 
 Prevent migration of surface/subsurface soil COCs to groundwater that would result in concentrations 

greater than PRGs.  
 
 Prevent migration of surface/subsurface soil COCs as a result of erosion and sedimentation.  
 
The RAOs developed for Zone 7 soil considering hypothetical future land use at NSB-NLON are as 
follows: 
 
 Prevent exposure of hypothetical future residents to surface/subsurface soil containing concentrations 

of COCs greater than residential PRGs. 
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 Prevent migration of surface/subsurface soil COCs to groundwater that would result in concentrations 

greater than PRGs.  
 
 Prevent migration of surface/subsurface soil COCs as a result of erosion and sedimentation. 
 
No complete exposure pathways exist for ecological receptors for soil in Zone 7, and no unacceptable 
risks were identified for ecological receptors for surface water or sediment in Zone 7.  Unacceptable risks 
were identified for human receptors under both the current industrial and hypothetical future residential 
land use scenario.  To achieve the RAOs, human health cleanup goals were developed for each COC.   
 
Zone 7 residential direct exposure COCs are PAHs, antimony, arsenic, hexavalent chromium, copper, 
and lead, and Zone 7 pollutant mobility COCs under a residential scenario are PAHs, antimony, and lead.  
Lead was the only direct exposure COC identified for Zone 7 under an industrial scenario.  Antimony and 
lead were identified as pollutant mobility COCs for Zone 7 under an industrial scenario.  COC-specific 
PRGs were developed through the process summarized in Section 2.1.8 and Tables 2-27 and 2-28 
(residential) and Tables 2-29 and 2-30 (I/C) below.  The PRGs developed in the FS Addendum were 
selected as the COC-specific RGs for soil in Zone 7 and are identified in Tables 2-27, 2-28, 2-29, and 
2-30.  Figure 2-43 displays the total areal extent of soil containing concentrations of COCs greater than 
the residential direct exposure RGs and pollutant mobility PRGs calculated assuming residential land use, 
and Figure 2-44 displays the total areal extent of soil containing concentrations of COCs greater than the 
direct exposure and pollutant mobility RGs assuming I/C land use.  The methodology used to determine 
these areas is detailed in the Lower Subase FS Addendum.   
 
Estimates of the volume of contaminated soil were generated during the Lower Subase FS Addendum 
after calculation of RGs.  As required by CTDEEP RSRs, soil to a depth of 15 feet bgs containing 
concentrations of COCs greater than residential direct exposure RGs, and soil to the depth of the mean 
high water table containing concentrations of COCs greater than the pollutant mobility RGs calculated 
assuming residential land use, was evaluated in the calculation of the volume of contaminated soil for the 
hypothetical residential scenario.  Soil to a depth of 2 feet bgs beneath pavement and 4 feet bgs in 
unpaved areas containing concentrations of COCs greater than I/C direct exposure RGs and soil to the 
depth of mean high water table containing concentrations of COCs greater than the I/C pollutant mobility 
RGs was evaluated in the calculation of the volume of contaminated soil for the I/C scenario.  Zone 7 
contains soil with concentrations of COCs that pose both an industrial and residential human health risk.  
The volume of contaminated soil required to be addressed to eliminate risk to residential receptors is 
approximately 42,686 cy and the volume of contaminated soil required to be addressed to eliminate risk 
to industrial receptors is approximately 3,020 cy. 
 

2.8.4 Description of Alternatives – Zone 7 

The preliminary technology screening evaluation conducted in the FS is presented in Table 2-3 in 
Section 2.1.9.   
 
The Zone 7 technologies and process options retained after detailed screening were assembled into 
seven soil alternatives.  Consistent with the NCP, the no action alternative was evaluated as a baseline 
for comparison with other alternatives during the comparative analysis.  Table 2-31 describes the major 
components and provides estimated costs for each remedial alternative identified for Zone 7 soil.  
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TABLE 2-27.  DEVELOPMENT OF DIRECT EXPOSURE RGS FOR RESIDENTIAL SITE USE FOR ZONE 7 COCS 

 

Number of 

Samples

CT 

Residential 

RSR

Value Based 

on Risk 

between 10-6 

and 10-4 

(Resident)(3)

Value Based 

on HI = 1.0 

(Resident)(3)

Benzo(a)anthracene 9.5 J 76 2.5 0.02 NA 1 0.15 - 15 NA 1 CT DEC RSR

Benzo(a)pyrene 14 J 75 2.3 0.02 NA 1 0.015 - 1.5 NA 1 CT DEC RSR

Benzo(b)fluoranthene 16 J 75 3.9 0.02 NA 1 0.15 - 15 NA 1 CT DEC RSR

Dibenzo(a,h)anthracene 3.1 74 0.43 0.02 NA 1 0.015 - 1.5 NA 1 CT DEC RSR

Indeno(1,2,3-cd)pyrene 8.1 75 1.1 0.02 NA 1 0.15 - 15 NA 1 CT DEC RSR

Antimony 1,820 51 414 0.8 ND 27 NA 31 31
HHRA Hazard 

Index

Arsenic 50 35 12.7 0.8 3.6 10 0.39 - 39 22 10 CT DEC RSR

Hexavalent Chromium 0.78 7 0.5 0.1 NA 100 0.3 - 30 235 0.3
HHRA value 

based on 10-6 

Copper 9,010 J 35 NA 5 172 2,500 NA 3,130 3,130
HHRA Hazard 

Index

Lead 189,000 J 54 27,527 0.5 17.5 400 400(4) 400(4) 400 CT DEC RSR 

Cumulative Risk(4)

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated

1

2 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 

3 Risk values based on HHRA for hypothetical child residents, hypothetical adult residents, or hypothetical lifelong residents.

4

5 Incremental lifetime cancer risk to future residents after remediation. 

J Estimated value

NA Not applicable 

ND Not detected

95-percent upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory analyses of soil were 

calculated in accordance with the methodology used in the HHRA. 

The OSWER target action level for lead is based on the estimated concentration of lead in the blood of a resident.  Lead is 

evaluated separately from the other chemicals.  It is not included in risk totals.

COCs
Basis (5)

Selected RG

Maximum 

Concentration

Direct Exposure

Surface and Subsurface Soil

(0 to 15 feet bgs)

Potential RGs

Detection 

Limit (2)

Background 

Concentration
95% UCL (1)

9 x 10-5

Value
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TABLE 2-28.  DEVELOPMENT OF POLLUTANT MOBILITY RGS FOR RESIDENTIAL SITE USE FOR ZONE 7 COCS 

 

Number of 

Samples

Alternative 

GB PMC for 

Residential 

Scenario(6)

Value Basis (7)

Benzo(a)anthracene (mg/kg) 9.5 J 76 2.5 0.02 1 4.4 4.4 Alternative PMC

Benzo(a)pyrene (mg/kg) 14 J 75 2.3 0.02 1 6.5 6.5 Alternative PMC

Benzo(b)fluoranthene (mg/kg) 16 J 75 3.9 0.02 1 2.8 2.8 Alternative PMC

Benzo(k)fluoranthene (mg/kg) 9.7 J 75 0.91 0.02 1 7.1 7.1 Alternative PMC

Chrysene (mg/kg) 11 J 76 2.56 0.02 1 7.4 7.4 Alternative PMC

Antimony (mg/L) 0.627 J 18 0.389 0.008 0.06 0.03 0.06 CT PMC RSR

Lead(4) (mg/L) 1.615  21 1.26 0.005 0.15 0.09 0.15 CT PMC RSR

Lead(5) (mg/L) 45.9 14 0.014 0.15 0.09 0.15 CT PMC RSR

All concentrations are expressed in milligrams per kilogram (mg/kg) unless otherwise indicated.

2

3 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 

4 Results of SPLP 

5 Results of TCLP

6 In areas with GB groundwater, and where no NAPL is present, CTDEEP allows for calculation of site-specific Alternative PMC.  

The Alternative PMC for residential site use was determined assuming no pavement would be present to reduce infiltration.

7 The Alternative PMC was used as the RG when it was greater than the CT RSR PMC. 

When the calculated Alternative PMC value was lower than the CT RSR PMC value, the CT RSR PMC was used as the RG. 

J Estimated value

Not Determined

95-percent upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory 

analyses of soil were calculated in accordance with the methodology used in the HHRA. 

1 Soil mass concentrations shown as mg/kg.  Results of Synthetic Leaching Procedure (SPLP) or Toxicity 

Characteristic Leaching Procedure (TCLP) shown in milligrams per liter (mg/L).

Selected RG

Maximum 

Concentration

CT PMC RSR 

(GB 

Groundwate

r)

Pollutant Mobility

95% UCL (2)

Surface and Subsurface Soil

(0 feet bgs to water table)

Potential RGs

Detection 

Limit (3)COCs  Units (1)
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TABLE 2-29.  DEVELOPMENT OF DIRECT EXPOSURE RGS FOR INDUSTRIAL/COMMERCIAL SITE USE FOR ZONE 7 COCS 

 

Number of 

Samples
CT I/C RSR

Value Based 

on Adult 

Lead 

Value Based 

on Adult Lead 

Model(3)

Lead 31,400 15 19,340 0.5 17.5 1,000 1,090
Target Action 

Level

All concentrations are expressed in milligrams per kilogram (mg/kg).

1

2 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 

3 Site-specific PRG for an industrial worker derived using USEPA's adult lead methodology.  

Lead is evaluated separately from the other chemicals.  It is not included in risk totals.

4 Cumulative risk in Zone 7 meets the EPA requirement of ≤ 1 x 10-4.  See the FS Addendum (Tetra Tech, 2011) for Zone 7 calculations. 

J Estimated value

NA Not analyzed 

ND Not detected

Value Basis (4)

Direct Exposure
Background 

Concentration
95% UCL (1)

1,090(3)

Selected RGPotential RGs

COC

Surface Soil in Paved Areas 

(0 to 2 ft.)
Detection 

Limit (2)

95-percent upper confidence levels (UCLs) of the arithmetic means of all surface sample results of laboratory analyses of soil 

were calculated in accordance with the methodology used in the HHRA. 

Maximum 

Concentration
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TABLE 2-30.  DEVELOPMENT OF POLLUTANT MOBILITY RGS FOR INDUSTRIAL/COMMERCIAL SITE USE FOR ZONE 7 COCS 

 

Number of 

Samples

Alternative 

GB PMC for 

I/C Scenario(5)

Value Basis (6)

0.627 J 18 0.389 0.008 0.06 0.1 0.1 Alternative PMC

1.615 21 1.26 0.005 0.15 0.32 0.32 Alternative PMC

45.9 14 0.014 0.15 0.32 0.32 Alternative PMC

All concentrations are in milligrams per liter (mg/L) unless otherwise indicated.

1

2 The detection limits shown are Practical Quantitation Limits (PQLs) for Katahdin Analytical Services, July 2007. 

3 Results of Synthetic Leaching Procedure (SPLP) 

4 Results of Toxicity Characteristic Leaching Procedure (TCLP) 

5 In areas with GB groundwater, and where no non-aqeous phase liquid (NAPL) is present, CTDEEP allows for calculation of 

site-specific Alternative PMC.  The Alternative PMC for industrial/commerical site use was determined assuming pavement

would be present to reduce infiltration.

6 The Alternative PMC was used as the RG when it was greater than the CT RSR PMC. 

When the calculated Alternative PMC value was lower than the CT RSR PMC value, the CT RSR PMC was used as the RG. 

J Estimated value

NA Not Applicable

Selected RG

95-percent upper confidence levels (UCLs) of the arithmetic means of all sample results of laboratory 

analyses of soil were calculated in accordance with the methodology used in the HHRA. 

Maximum 

Concentration

COCs 

Not Determined

95% UCL (1)

Antimony(3)

Lead(3)

Lead(4)

Surface and Subsurface Soil

(0 feet bgs to water table)

Potential RGs

Detection 

Limit (2)

Pollutant Mobility

CT PMC RSR 

(GB 

Groundwater)
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TABLE 2-31.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED 

ALTERNATIVE COMPONENTS DETAILS COST 

Alternative S-7.1: 

No Action  

No action to address 
contaminated soil and no 
use restrictions 

Five-year reviews  Five-year reviews would be conducted 
because contamination would remain in 
place at levels that do not allow for 
unrestricted use and unlimited exposure. 

Capital: $0 

Every 5 Years: 
$25,000 

30-Year NPW: 
$104,000 

Discount Rate: 
2.3% 

Time Frame: NA 

Alternative S-7.2: 

LUCs (Engineering and 
Engineered Controls, 
Institutional Controls, 
and Inspections) and 
Monitoring 

Instituting CERCLA LUCs, 
which include engineering 
and engineered controls, 
institutional controls and 
inspecting/maintaining 
building foundations and 
pavement, and monitoring 
groundwater wells. 

LUCs, including 
engineering and 
engineered 
controls, 
institutional 
controls, and 
inspections 

Storm sewer upgrades and maintenance 
would be needed at locations where storm 
sewer lines pass through contaminated soil 
(170 lf). An implementable LUC boundary 
would be created to encompass the 
181,000 sf of soil where residential RGs 
were exceeded.  The LUC boundary 
encompasses approximately 199,500 sf.  
Within this area, building foundations and 
121,600 sf of pavement would be 
maintained through CERCLA risk-based 
engineering controls and institutional 
controls to meet residential RGs.  
Pavement would be installed and 
maintained as a CTDEEP RSR engineered 
control in a 1,960 sf area that contains soil 
with concentrations of COCs greater than 
the Alternative GB PMC RGs for I/C site 
use.  Within the 199,500 sf of LUCs, 20,480 
sf of soil also exceeds both I/C direct 
exposure and pollutant mobility RGs; 
therefore, a total of 22,440 sf of pavement 
would be maintained as CTDEEP RSR 
engineered controls.  Soil beneath 
Buildings 106, 157, and 456 contains 
concentrations of COCs that exceed I/C 
RGs; however, this soil is considered 
inaccessible under CTDEEP RSRs and the 
CERCLA LUC in place in these areas 
would meet CTDEEP RSRs. 

Capital: $75,000 

1
st

 and 2
nd

 Year: 
$69,000 

3
rd

 and 4
th

 Year: 
$56,000 

Every 5 Years: 
$91,000 

Annually All Other 
Years: 

$30,000 

30-Year NPW: 
$1,087,000 

Discount Rate: 
2.3% 

Time Frame: 3 
months

 

Long-term 
monitoring 

Groundwater monitoring for all COCs that 
exceed residential RGs would be quarterly 
for the first 2 years, semi-annually for the 
next 2 years, annually the fifth year, and 
every 5 years thereafter to confirm that the 
remedy remains protective and that 
contaminants are not migrating to 
groundwater.  

Five-year reviews Five-year reviews would be conducted 
because contamination would remain in 
excess of levels that allow for unrestricted 
use and unlimited exposure.  
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TABLE 2-31.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED 

ALTERNATIVE COMPONENTS DETAILS COST 

Alternative S-7.3: 

Capping to Allow I/C Site 
Use and Prevent 
Leaching, LUCs 
(Engineering and 
Engineered Controls, 
Institutional Controls, 
and Inspections) and 
Monitoring 

Cap installation, instituting 
CERCLA LUCs, which 
include engineering and 
engineered controls, 
institutional controls and 
inspecting/maintaining 
building foundations and 
pavement, and monitoring 
groundwater wells. 

Capping to allow 
I/C site use and 
prevent leaching 

Cap installation includes excavation to a 
depth of 2 feet over a 22,440 sf area 
(including the 1,960 sf area est of Building 
157), off-site disposal of 1,280 cy of soil 
and 380 cy of asphalt for a total of 1,660 
cy, and installation of 22,440 sf of 
geomembrane.    

Capital: $1,353,000 

1
st

 and 2
nd

 Year: 
$69,000 

3
rd

 and 4
th

 Year: 
$56,000 

Every 5 Years: 
$91,000 

Annually All Other 
Years: 

$30,000 

30-Year NPW: 
$2,365,000 

Discount Rate: 
2.3% 

Time Frame
1
: 2 

month, in addition to 
LUCs and planning 

LUCs, including 
engineering and 
engineered 
controls, 
institutional 
controls 

Storm sewer upgrades and maintenance 
would be needed at locations where storm 
sewer lines pass through contaminated soil 
(170 lf).  An implementable LUC boundary 
would be created to encompass the 
181,000 sf of soil where residential RGs 
were exceeded.  The LUC boundary 
encompasses approximately 199,500 sf.  
Within this area, building foundations and 
121,600 sf of pavement would be 
maintained through CERCLA risk-based 
engineering controls and institutional 
controls to meet residential RGs.  
Pavement would be installed and 
maintained over the capped soil.  Within the 
199,500 sf of LUCs, a total of 22,440 sf of 
pavement overlies soil with concentrations 
of COCs greater than the I/C RGs and 
would be maintained as CTDEEP RSR 
engineered controls to meet I/C RGs.  Soil 
beneath Buildings 106, 157, and 456 
contains concentrations of COCs that 
exceed I/C RGs; however, this soil is 
considered inaccessible under CTDEEP 
RSRs and the CERCLA LUC in place in 
these areas would meet CTDEEP RSRs. 

Long-term 
monitoring 

Groundwater monitoring for all COCs that 
exceed residential RGs would be quarterly 
for the first 2 years, semi-annually for the 
next 2 years, annually the fifth year, and 
every 5 years thereafter to confirm that the 
remedy remains protective and that 
contaminants are not migrating to 
groundwater.  

Five-year reviews Five-year reviews would be conducted 
because contamination would remain in 
excess of levels that allow for unrestricted 
use and unlimited exposure.  

 

Alternative S-7.4: 

In-Situ Treatment 
(Stabilization/ 

Solidification) to Meet 
Alternative GB PMCs for 
I/C Site Use, LUCs 
(Engineering Controls, 

In-situ treatment 
(stabilization/ 

solidification) to 
allow I/C site use 
and meet pollutant 
mobility RGs for 
I/C site use. 

In-situ treatment includes excavation of 
asphalt over a 22,440 sf area (380 cy), 
treatment of 3,020 cy of soil to a depth of 5 
feet bgs and disposal of 540 cy of excess 
soil.   

Capital: $1,325,000 

1
st

 and 2
nd

 Year: 
$61,000 

3
rd

 and 4
th

 Year: 
$48,000 

Every 5 Years: 
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TABLE 2-31.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED 

ALTERNATIVE COMPONENTS DETAILS COST 

Institutional Controls, 
and Inspections) and 
Monitoring 

In-Situ Treatment, 
instituting CERCLA LUCs, 
which include engineering 
and institutional controls 
and inspecting/maintaining 
building foundations and 
pavement, and monitoring 
groundwater wells. 

LUCs, including 
engineering and 
institutional 
controls 

An implementable LUC boundary would be 
created to encompass the 181,000 sf of soil 
where residential RGs were exceeded.  
The LUC boundary is approximately 
199,500 sf.  Within the 199,500 sf LUC 
boundary, building foundations and 
142,000 sf of pavement would be 
maintained through CERCLA risk-based 
engineering controls and institutional 
controls to meet residential RGs.   

$66,000 

Annually All Other 
Years: 

$26,000 

30-Year NPW: 
$2,151,000 

Discount Rate: 
2.3% 

Time Frame
1
: 3 

months, in addition 
to LUCs and 
planning.  

Long-term 
monitoring 

Groundwater monitoring for all COCs that 
exceed residential RGs would be quarterly 
for the first 2 years, semi-annually for the 
next 2 years, annually the fifth year, and 
every 5 years thereafter to confirm that the 
remedy remains protective and that 
contaminants are not migrating to 
groundwater.  

Five-year reviews Five-year reviews would be conducted 
because contamination would remain in 
excess of levels that allow for unrestricted 
use and unlimited exposure.  

Alternative S-7.5A: 

Excavation to Meet I/C 

Direct Exposure PRGs, 
Off-Site Disposal, LUCs 
(Engineering and 
Engineered Controls, 
Institutional Controls, 
and Inspections) and 
Monitoring 

Excavation and Off-Site 
Disposal, instituting 
CERCLA LUCs, which 
include engineering and 
engineered controls, 
institutional controls and 
inspecting/maintaining 
building foundations and 
pavement, and monitoring 
groundwater wells. 

Excavation to meet 
direct exposure 
RGs for I/C site 
use and off-site 
disposal 

Includes excavation to a depth of 2 feet 
over a 13,100 sf area and off-site disposal 
of 730 cy of soil and 220 cy of asphalt.   

Capital: $837,000 

1
st

 and 2
nd

 Year: 
$69,000 

3
rd

 and 4
th

 Year: 
$56,000 

Every 5 Years: 
$91,000 

Annually All Other 
Years: 

$30,000 

30-Year NPW: 
$1,849,000 

Discount Rate: 
2.3% 

Time Frame
1
: 2 

month, in addition to 
LUCs and planning 

LUCs, including 
engineering and 
engineered 
controls, 
institutional 
controls, and 
inspections 

Storm sewer upgrades and maintenance 
would be needed at locations where storm 
sewer lines pass through contaminated soil 
(170 lf). An implementable LUC boundary 
would be created to encompass the 
181,000 sf of soil where residential RGs 
were exceeded.  The LUC boundary 
encompasses approximately 199,500 sf.  
Within this area, building foundations and 
121,600 sf of pavement would be 
maintained through CERCLA risk-based 
engineering controls and institutional 
controls to meet residential RGs.  
Pavement would be installed and 
maintained as a CTDEEP RSR engineered 
control in a 1,960 sf area that contains soil 
with concentrations of COCs greater than 
the Alternative GB PMC RGs for I/C site 
use.  Within the 199,500 sf of LUCs, a total 
of 22,440 sf of pavement overlies soil with 
concentrations of COCs greater than the 
I/C RGs and would be maintained as 
CTDEEP RSR engineered controls to meet 
I/C RGs.  Soil beneath Buildings 106, 157, 
and 456 contains concentrations of COCs 
that exceed I/C RGs; however, this soil is 
considered inaccessible and 
environmentally under CTDEEP RSRs and 
the CERCLA LUC in place in these areas 
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TABLE 2-31.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED 

ALTERNATIVE COMPONENTS DETAILS COST 

would meet CTDEEP RSRs. 

Long-term 
monitoring 

Groundwater monitoring for all COCs that 
exceed residential RGs would be quarterly 
for the first 2 years, semi-annually for the 
next 2 years, annually the fifth year, and 
every 5 years thereafter to confirm that the 
remedy remains protective and that 
contaminants are not migrating to 
groundwater.  

Five-year reviews Five-year reviews would be conducted 
because contamination would remain in 
excess of levels that allow for unrestricted 
use and unlimited exposure.  

Alternative S-7.5B: 
Excavation to Meet I/C 
PRGs, Off-Site Disposal, 
LUCs (Engineering 
Controls, Institutional 
Controls, and 
Inspections) and 
Monitoring 

Excavation and Off-Site 
Disposal, instituting 
CERCLA LUCs, which 
include engineering and 
institutional controls and 
inspecting/maintaining 
building foundations and 
pavement, and monitoring 
groundwater wells. 

Excavation to meet 
direct exposure 
and pollutant 
mobility RGs for 
I/C site use, and 
off-site disposal 

Includes excavation to a depth of 5 feet 
over a 22,440 sf area and off-site disposal 
of 3,020 cy of soil.   

Capital: $2,275,000 

1
st

 and 2
nd

 Year: 
$61,000 

3
rd

 and 4
th

 Year: 
$48,000 

Every 5 Years: 
$66,000 

Annually All Other 
Years: 

$26,000 

30-Year NPW: 
$3,101,000 

Discount Rate: 
2.3% 

Time Frame
1
: 4.5 

months, in addition 
to LUCs and 
planning 

LUCs, including 
engineering 
controls, 
institutional 
controls, and 
inspections 

An implementable LUC boundary would be 
created to encompass the 181,000 sf of soil 
where residential RGs were exceeded.  
The LUC boundary encompasses 
approximately 199,500 sf.  Within this area, 
building foundations and 142,000 sf of 
pavement would be maintained through 
CERCLA risk-based engineering controls 
and institutional controls to meet residential 
RGs.  Soil beneath Buildings 106, 157, and 
456 contains concentrations of COCs that 
exceed I/C RGs; however, this soil is 
considered inaccessible and 
environmentally isolated under CTDEEP 
RSRs and the CERCLA LUC in place in 
these areas would meet CTDEEP RSRs.  
CTDEEP RSR engineered controls would 
not be required because all other soil with 
COC concentrations greater than I/C RGs 
would be excavated. 

Long-term 
monitoring 

Groundwater monitoring for all COCs that 
exceed residential RGs would be quarterly 
for the first 2 years, semi-annually for the 
next 2 years, annually the fifth year, and 
every 5 years thereafter to confirm that the 
remedy remains protective and that 
contaminants are not migrating to 
groundwater.  
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TABLE 2-31.  SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED 

ALTERNATIVE COMPONENTS DETAILS COST 

Five-year reviews Five-year reviews would be conducted 
because contamination would remain in 
excess of levels that allow for unrestricted 
use and unlimited exposure.  

 

Alternative S-7.6: 

Excavation to Meet 
Residential PRGs, On-
Site Dewatering, and Off-
Site Disposal  

 

Excavation to meet 
residential direct exposure 
RGs to 15 feet bgs and 
pollutant mobility RGs 
from the ground surface to 
groundwater level, de-
watering excavated soil on 
site, and off-site disposal 
of contaminated soil.  

Excavation to meet 
direct exposure 
and pollutant 
mobility PRGs for 
residential site use 

Excavation and off-site disposal of 
approximately 59,300 cy of soil over 
approximately 181,000 sf up to 15 feet bgs 
with COC concentrations exceeding 
residential RGs.  No LUCs or monitoring 
would be required because all 
contamination exceeding the residential 
PRGs would be removed.  

Capital: 
$22,508,000 

NPW: $22,508,000 

Time Frame
1
: 10 

months 

On-site dewatering Excavation would extend below the water 
table, beyond an average depth of 6 feet 
bgs.  Wet soil would require gravity-induced 
passive dewatering by on-site stockpiling 
prior to off-site disposal. Drainage water 
would be treated and discharged to the 
Thames River.  

Off-site disposal Excavated material would be sampled to 
determine the proper disposal method.  

1 The estimated time frame listed in Table 2-31 is for the duration of construction activities only.  Additional time 
would be required to prepare the necessary work plan and other administrative documents.   

 
 

2.8.5 Comparative Analysis of Alternatives 

Table 2-32 and subsequent text in this section summarize the comparison of Zone 7 remedial alternatives 
with respect to the nine CERCLA evaluation criteria outlined in the NCP at 40 CFR 300.430(e)(9)(iii) and 
categorized as threshold, primary balancing, and modifying criteria.  Further information on the detailed 
comparison of remedial alternatives is presented in the FS Addendum. 
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FIGURE 2-43.  ZONE 7 AREA THAT EXCEEDS RESIDENTIAL PRGS 
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FIGURE 2-44.  ZONE 7 AREA THAT EXCEEDS INDUSTRIAL/COMMERCIAL RGS 
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TABLE 2-32.  SUMMARY OF COMPARATIVE ANALYSIS OF ZONE 7 ALTERNATIVES 

CERCLA 

CRITERION 

ALTERNATIVE 

S-7.1: 

NO ACTION 

ALTERNATIVE 

S-7.2: LUCS 

(ENGINEERING 

AND 

ENGINEERED 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE 

S-7.3: 

CAPPING TO 

ALLOW I/C 

SITE USE AND 

PREVENT 

LEACHING, 
LUCS 

(ENGINEERING 

AND 

ENGINEERED 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE S-7.4: 

IN-SITU TREATMENT 

(STABILIZATION/ 

SOLIDIFICATION) TO 

MEET I/C ALTERNATIVE 

GB PMC PRGS FOR 

I/C SITE USE, LUCS 

(ENGINEERING 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, AND 

INSPECTIONS) AND 

MONITORING 

ALTERNATIVE 

S-7.5A: 

EXCAVATION TO 

MEET I/C 

DEC, OFF-SITE 

DISPOSAL, 
LUCS 

(ENGINEERING 

AND 

ENGINEERED 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE 

S-7.5B: 
EXCAVATION TO 

MEET I/C 

PRGS, OFF-
SITE DISPOSAL, 

LUCS 

(ENGINEERING 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE 

S-7.6: 

EXCAVATION TO 

MEET 

RESIDENTIAL 

PRGS, ON-SITE 

DEWATERING, 
AND OFF-SITE 

DISPOSAL  

Overall 
Protection of 
Human Health 
and the 
Environment 

 ● ● ● ● ● ● 

Compliance with 
Applicable or 
Relevant and 
Appropriate 
Requirements 

 ● ● ● ● ● ● 

Long-Term 
Effectiveness 
and Permanence 

 ● ● ● ● ● ● 

Reduction of 
Toxicity, Mobility, 
and Volume 
through 
Treatment 

   

Would reduce lead and 
antimony toxicity and 

mobility by in-situ 
chemical 

stabilization/solidification.   

  

Only treatment of 
water from the 
dewatering 
process. 

Short-Term 
Effectiveness  ● ● ● ● ● ● 
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TABLE 2-32.  SUMMARY OF COMPARATIVE ANALYSIS OF ZONE 7 ALTERNATIVES 

CERCLA 

CRITERION 

ALTERNATIVE 

S-7.1: 

NO ACTION 

ALTERNATIVE 

S-7.2: LUCS 

(ENGINEERING 

AND 

ENGINEERED 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE 

S-7.3: 

CAPPING TO 

ALLOW I/C 

SITE USE AND 

PREVENT 

LEACHING, 
LUCS 

(ENGINEERING 

AND 

ENGINEERED 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE S-7.4: 

IN-SITU TREATMENT 

(STABILIZATION/ 

SOLIDIFICATION) TO 

MEET I/C ALTERNATIVE 

GB PMC PRGS FOR 

I/C SITE USE, LUCS 

(ENGINEERING 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, AND 

INSPECTIONS) AND 

MONITORING 

ALTERNATIVE 

S-7.5A: 

EXCAVATION TO 

MEET I/C 

DEC, OFF-SITE 

DISPOSAL, 
LUCS 

(ENGINEERING 

AND 

ENGINEERED 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE 

S-7.5B: 
EXCAVATION TO 

MEET I/C 

PRGS, OFF-
SITE DISPOSAL, 

LUCS 

(ENGINEERING 

CONTROLS, 
INSTITUTIONAL 

CONTROLS, 
AND 

INSPECTIONS) 
AND 

MONITORING 

ALTERNATIVE 

S-7.6: 

EXCAVATION TO 

MEET 

RESIDENTIAL 

PRGS, ON-SITE 

DEWATERING, 
AND OFF-SITE 

DISPOSAL  

Implementability ● ● ● ● ● ● ● 

Total Cost 
(Present Net 
Worth) 

$104,000 $1,087,000 $2,365,000 $2,151,000 $1,849,000 $3,101,000 $22,508,000 

State 
Acceptance

NA ● ● ● ● ● ● 
Community 
Acceptance

NA ● ● ● ● ● ● 
 - Meets the criterion.    - Does not meet the criterion.    NA - Not applicable. 
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Threshold Criteria 

Overall Protection of Human Health and the Environment.  Alternative S-7.1 would not be protective 
of human health or the environment because no action would be conducted to address site risks.   
 
Alternatives S-7.2, S-7.3, S-7.4, S-7.5A, S-7.5B, and S-7.6 would be protective of human health and the 
environment.  Alternative S-7.2 would be protective because pavement would prevent construction 
workers and full-time employees from contacting contaminated soil and would limit leaching of soil 
contaminants to groundwater, and institutional controls would prevent residential human health risk.  
Alternative S-7.5A would be protective because contaminated soil in the uppermost 2 feet would be 
permanently removed.  Alternatives S-7.3 and S-7.4 would be protective because an impermeable barrier 
(Alternative S-7.3) or stabilization/solidification (Alternative S-7.4) would minimize leaching of soil 
contaminants to groundwater.  Alternative S-7.5B would be because all soil exceeding I/C concentrations 
would be permanently removed from Zone 7.  Alternative S-7.6 would be protective because soil causing 
a residential human health risk would be permanently removed from Zone 7.  
 
Compliance with ARARs.  ARARs include any federal or state standards, requirements, criteria, or 
limitations determined to be legally applicable or relevant and appropriate to the site or remedial action.  
Alternatives S-7.2, S-7.3, S-7.4, S-7.5A, S-7.5B, and S-7.6 would comply with all chemical-, location-, and 
action-specific ARARs as long as water generated through the dewatering process in S-7.6 is adequately 
treated prior to disposal in the Thames River and excavated soil is tested and disposed of properly.  The 
Alternatives S-7.2, S-7.3, S-7.4, S-7.5A, and S-7.5B use the same PRGs that have been determined by 
the Navy and EPA and would not pose unreasonable risk of injury to health or the environment under I/C 
site use.  Alternative S-7.6 used different PRGs that have been determined by the Navy and EPA and 
would not pose unreasonable risk of injury to health or the environment under residential site use. 
 

Primary Balancing Criteria 

Long-Term Effectiveness and Permanence.  Alternative S-7.1 would have no long-term effectiveness 
or permanence because no contaminant removal or contact restrictions would occur.   
 
Alternatives S-7.2, S-7.3, S-7.4, S-7.5A, and S-7.5B would require engineered and institutional controls to 
be effective and permanent remedies in the long term.  LUCs implemented under these alternatives 
would prevent site development for other uses that could result in unacceptable exposure for future site 
users to site contamination, and long-term monitoring and O&M, along with five-year reviews, would 
ensure the adequacy of these remedies to protect human receptors and underlying groundwater from 
contamination left in place.  Five-year reviews for Alternatives S-7.2, S-7.3, S-7.4, S-7.5A, and S-7.5B 
would ensure that LUCs remained protective by preventing residential exposure to remaining 
contaminants throughout Zone 7.  
 
Alternative S-7.5A would be more effective than Alternative S-7.2 because I/C contaminated soil in the 
uppermost 2 feet would be permanently removed. Alternatives S-7.3 and S-7.4 would be more effective 
than Alternative S-7.2 and S-7.5A because an impermeable barrier (Alternative S-7.3) or 
stabilization/solidification (Alternative S-7.4) would minimize leaching of soil contaminants to groundwater.  
Alternative S-7.5B would be more effective than Alternatives S-7.2, S-7.3, S-7.4, and S-7.5A because 
under Alternative S-7.5B, soil exceeding I/C concentrations to the depth of groundwater would be 
permanently removed from Zone 7.  
 
Alternative S-7.6 would provide the most long-term effectiveness and permanence because soil causing 
residential human health risk would be permanently removed from Zone 7.   
 
Reduction in Toxicity, Mobility, or Volume Through Treatment.  Alternative S-7.4 would reduce lead 

toxicity and mobility by in-situ chemical stabilization/solidification.  None of the other alternatives would 
use treatment to reduce the toxicity, mobility, or volume of COCs, except the treatment of water that 
would be generated from the dewatering process under Alternative S-7.6. 
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Short-Term Effectiveness.  A factor in determining short-term effectiveness is the time until remedial 
response objectives are achieved.  Because Alternative S-7.1 would never meet the RAOs, this 
alternative does not meet the criterion of short-term effectiveness.   
 
Implementation of Alternatives S-7.3, S-7.5A, S-7.5B, and S-7.6 would expose remedial construction 
workers to contaminated soil, dust, and physical risks during soil excavation and the community to 
contaminated soil during transportation for off-site disposal.  Implementation of Alternative S-7.4 might 
expose remedial construction workers to contaminated soil during treatment.  Implementation of 
Alternatives S-7.2, S-7.3, S-7.4, S-7.5A and S-7.5B would expose remedial construction workers to 
groundwater during sampling.  Implementation of Alternative S-7.6 would also expose remedial 
construction workers to physical risks during dewatering.  Alternative S-7.2 would provide the most short-
term effectiveness because implementation of LUCs would not expose remedial construction workers or 
the community to contaminated soil.  Alternative S-7.3 and S-7.5A are less effective in the short term than 
Alternative S-7.2, but more effective in the short term than Alternatives S-7.4, S-7.5B, and S-7.6, because 
they involve less soil excavation.  Alternative S-7.5B would have lower short-term effectiveness than 
Alternatives S-7.2, S-7.3, and S-7.5A, but more than Alternative S-7.4 because S-7.5B involves soil 
excavation, while S-7.4 involves more potential exposure for remedial construction workers during 
treatment of contaminated soil.  Alternative S-7.6 would have lowest short-term effectiveness because the 
most soil would be excavated and the excavation would require shoring.  However, the physical risk 
associated with these potential exposures under Alternatives S-7.2, S-7.3, S-7.4, S-7.5A, S-7.5B, and S-
7.6 could be effectively controlled by using personal protection equipment, complying with proper site-
specific health and safety procedures, and using proper best management practices to prevent the 
migration of contamination through erosion during construction, transportation, and/or monitoring 
activities.   
 
LUCs for Alternatives S-7.2, S-7.3, S-7.4, S-7.5A, or S-7.5B could be implemented in approximately 
3 months.  After planning, Alternatives S-7.3 and S-7.5A would have approximate construction durations 
of 2 months, Alternative 7.4 would have an approximate duration of 3 months, Alternative S-7.5B would 
have an approximate construction duration of 4.5 months, and Alternative S-7.6 would have an 
approximate construction duration of 10 months.  

 
Implementability.  Alternative S-7.1 would be readily implementable. Technical, engineering, and 
institutional controls for developing and initiating five-year reviews are readily available.   
 
Alternative S-7.2 would require only a small area of additional pavement, LUCs (CERCLA risk-based 
engineering controls, CTDEEP RSR engineered controls, and institutional controls), monitoring, and five-
year reviews.  The establishment of LUCs for Alternative S-7.2 would be easily implementable.   
 
Alternatives S-7.3, S-7.4, S-7.5A and S-7.5B would be more difficult to implement because there would 
also be soil excavation or treatment.  Underground utilities may interfere with soil excavation or treatment, 
excavated soil or excess treated soil would require proper disposal, excavated areas would need to be 
filled with clean material, and remediated areas would need to be repaved.  Alternative S-7.3 would also 
require installation of a geomembrane barrier.  Under Alternative S-7.4, treatability tests would also be 
needed.  Alternative S-7.5B is more difficult to implement than Alternative S-7.2 because it would involve 
soil excavation and more difficult than Alternatives S-7.3 or S-7.5A because it would require a deeper 
excavation and underground utilities may interfere with the excavation.  Alternative S-7.4 is more difficult 
to implement than Alternatives S-7.2, S-7.3, S-7.5A, or S-7.5B because it would involve treating 
contaminated soil to the depth of the water table, which is a more complex action than excavation, and 
underground utilities may interfere with the treatment process.  Alternative S-7.6 would be considered the 
most difficult to implement because this alternative would require sheet piles for excavation support, a 
dewatering system, water treatment and disposal system, and utility relocation.   
 
In addition, remediation efforts for Alternatives S.7.3, S-7.4, S.7.5A, S-7.5B, and S-7.6 would interfere 
with Base activities. 
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Cost.  The estimated present-worth cost is greatest for Alternative S-7.6 at $22,508,000, and lowest for 
Alternative S-7.1 at $104,000.  The estimated present-worth costs of the other alternatives are as follows: 
Alternative S-7.2: $1,087,000; Alternative S-7.3: $2,365,000; Alternative S-7.4: $2,151,000; Alternative 
S-7.5A: $1,849,000, and Alternative S-7.5B: $3,101,000. 
 

Modifying Criteria 

State Acceptance.  State involvement has been solicited throughout the CERCLA process.  CTDEEP, as 
the designated support agency in Connecticut, concurs with the Selected Remedy (Appendix A). 
 
Community Acceptance.  No written questions were received during the formal public comment period 
for the Proposed Plan. No questions were raised at the public meeting on April 12, 2012, and no 
objections to the proposed alternative were voiced, as documented in Section 3.0. 
 

2.8.6 Selected Remedy 

2.8.6.1 Rationale for Selected Remedy 

The Selected Remedy for Zone 7 is Alternative S-7.2, LUCs (CERCLA risk-based engineering controls, 
CTDEEP RSR engineered controls, institutional controls, and inspections) and monitoring, which was 
selected because it provides the best balance of tradeoffs with respect to the nine evaluation criteria.  The 
remedy will meet the RAOs by preventing exposure to contaminated soil causing unacceptable human 
risk through the implementation of LUCs.     
 
The principal factors in the selection of this remedy included the following: 
 
 Building foundations and pavement that already cover Zone 7 act as CERCLA risk-based engineering 

controls to prevent exposure to contaminated soil, and CTDEEP RSR engineered controls were 
shown to be effective to address direct exposure and potential exceedances of PMC, and would be 
maintained under this alternative to ensure continued protection.  A small area of additional pavement 
would be needed.  
 

 The remedy can be readily implemented.  Implementation will reduce unacceptable risk to current, 
reasonably anticipated future, and hypothetical future human receptors in approximately 3 months.  
None of the other protective alternatives would require less than 3 months to implement.   

 
 The remedy is consistent with the reasonably anticipated future non-residential use of the site. 
 
 The remedy has low short-term risk (no remedial construction worker or community exposure), 

compared to excavation, capping, or treatment.  
 
 The remedy provides the lowest cost solution.  
 

2.8.6.2 Description of Selected Remedy 

The Selected Remedy includes three major components: (1) LUCs, including CERCLA risk-based 
engineering controls, CTDEEP RSR engineered controls, institutional controls, and inspections, (2) long-
term monitoring, and (3) five-year reviews.  
 
Storm sewer upgrades (slip lining or sewer line replacement) and maintenance would be needed at the 
estimated 170 lf where storm sewers pass through contaminated soil. LUCs, including engineering, 
engineered, and institutional controls, will be instituted over approximately 199,500 sf of soil to a depth of 
up to 15 feet bgs within Zone 7, as shown on Figure 2-45.  CTDEEP RSR engineered controls will be 
used to address soil above mean high water that exceeded the CTDEEP RSR Alternative PMC for 
industrial site use, and soil within the top 2 feet of soil below pavement that exceeded the lead direct 
exposure RG for industrial site use.  The highest mass lead concentration in the Lower Subase occurred  
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FIGURE 2-45.  ZONE 7 SELECTED REMEDY 
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in Zone 7 at 20MW6, 2 to 4 feet bgs.  However, because this soil was deeper than 2 feet deep and below 
pavement, it can be considered “inaccessible” under CTDEEP RSRs; therefore, not subject to the direct 
exposure RG for industrial site use.  The evaluation of engineered controls to address pollutant mobility 
was presented in Lower Subase FS Addendum (Tetra Tech, 2012).  Leachate lead concentrations in soil 
above the mean high water table, that is, in soil subject to the CTDEEP RSR Alternative PMC, are 
significantly greater in Zone 4 than Zone 7.  Therefore, as shown the Lower Subase FS Addendum, Zone 
7 leachate lead concentrations in soil above the mean high water table could be effectively addressed by 
considering the pavement as a CTDEEP RSR engineered control.  Pavement would be installed and 
maintained as a CTDEEP RSR engineered control in a 1,960 sf area that contains soil with 
concentrations of COCs greater than the Alternative GB PMC RGs for I/C site use.  Within the 199,500 sf 
of LUCs, 20,480 sf of soil also exceeds both I/C direct exposure and pollutant mobility RGs; therefore, a 
total of 22,440 sf of pavement would be maintained as CTDEEP RSR engineered controls.   
 
A new, larger LUC boundary was created that encompasses all 181,000 sf of soil with concentrations of 
COCs that exceeds industrial and residential RGs but is easier to implement (i.e., survey).  LUCs are 
required because contaminants in Zone 7 soil are at concentrations that could result in unacceptable risks 
to human health if land use is not controlled or restricted.  The Navy will establish the LUCs for this 
remedy in a post-ROD LUC RD.  The LUC RD will set out the specific actions needed to implement, 
operate, maintain, and enforce the LUC component of the remedy, which will include restricting 
residential land use, restricting disturbance of contaminated soil, and maintaining a protective cover layer 
that meets CTDEEP RSR standards for I/C use.  CERCLA risk-based engineering controls to be specified 
in the LUC RD will include maintaining the existing pavement (an estimated 121,600 sf), and buildings 
that already cover inaccessible and/or environmentally isolated soil.  CTDEEP RSR engineered controls 
will be implemented over 22,440 sf within the 199,500 sf LUC boundary, as required by CT, to address 
contaminated soil above the mean high water table that exceeds pollutant mobility RGs, and 
contaminated soil from 0 to 2 feet bgs beneath pavement that exceeds direct exposure RGs, through 
installation of 1,960 sf of pavement and maintenance of the new and existing 22,440 sf of pavement.  The 
institutional controls on residential use of Zone 7 will be maintained until the concentrations of 
contaminants in soil are less than levels that allow for unrestricted use and unlimited exposure. 
 
After LUCs are established in the LUC RD, they will be enforced by requiring all who desire to perform 
work on NSB-NLON to first coordinate with the installation's IR Program Manager, who will advise the 
work proponent of the LUCs imposed, if any, at the proposed work location.  Should the property ever be 
transferred out of federal control to private ownership, the deed given to the property recipient will contain 
deed restrictions, consistent with state law, necessary to continue implementation of required LUCs.  As 
mandated by CERCLA, the Navy retains ultimate responsibility for ensuring all aspects of the remedy are 
met.  The draft LUC RD will be developed within 90 days of ROD signature.    
 
Although concentrations of chemicals in groundwater do not exceed regulatory criteria, a groundwater 
monitoring program will be developed and implemented to confirm that the remedy remains protective 
and that contaminants in soil are not migrating to groundwater.  For costing purposes, the FS Addendum 
assumed that four groundwater samples will be regularly collected from wells installed in strategic 
locations to be identified in the monitoring plan and that the collected samples will be analyzed for COCs 
that exceed residential RGs and that the monitoring frequency will be quarterly for the first 2 years, semi-
annually for the next 2 years, annually the fifth year, and every 5 years thereafter. The actual monitoring 
program implemented will be developed as part of the RD.  Monitoring compliance with LUCs will occur at 
least annually.  The monitoring will confirm that regular maintenance of pavement and building 
foundations is being performed. 
 
Reviews will be performed every 5 years to evaluate site status, assess the continued adequacy of 
remedial activities, and determine whether further action is necessary. Five-year reviews are required 
because the soil that remains presents an unacceptable residential risk. 
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2.8.6.3 Expected Outcomes of Selected Remedy 

The current use of the site as an industrial area, which will be supported by the Selected Remedy, is 
expected to continue at Zone 7, and there are no other planned land uses in the foreseeable future.  
However, if land use changes in the future, and uses other than as an industrial site are expected, other 
remedial approaches would be required and a ROD amendment would be needed.  Groundwater at the 
site is not used and is not expected to be used in the future, and the Selected Remedy will have no 
impact on current or future groundwater uses available at the site.  There are no socio-economic, 
community revitalization, or economic impacts or benefits associated with implementation of the Selected 
Remedy.  It is estimated that the RAOs for Zone 7 will be achieved within approximately 3 months.  
Table 2-33 describes how the Selected Remedy mitigates risk and achieves the RAOs for Zone 7. 
 

TABLE 2-33.  HOW SELECTED REMEDY MITIGATES ZONE 7 RISK AND ACHIEVES THE RAOS 

RISK RAO COMMENTS 

Unacceptable 
human health 
risks to I/C users 
from direct 
exposure to 
contaminated soil.  

Prevent exposure of current and future 
full-time employees and construction 
workers to surface/subsurface soil 
containing concentrations of COCs 
greater than I/C RGs. 

LUCs and complying with proper site-specific 
health and safety procedures would prevent 
exposure to soil containing contaminants at 
concentrations that pose a human health risk to 
construction workers.  Engineering controls 
(pavement and building foundations) will prevent 
exposure of full-time employees to soil.   

Unacceptable 
human health 
risks from soil-to-
groundwater 
pollutant mobility.  

Prevent migration of 
surface/subsurface soil COCs to 
groundwater that would result in 
concentrations greater than RGs.  

 

Engineering controls (pavement and building 
foundations) and storm sewer upgrades will 
prevent migration of contaminants from soil to 
groundwater. 

Unacceptable 
human health 
risks to I/C users 
from direct 
exposure to 
contaminated soil. 

Prevent migration of 
surface/subsurface soil COCs as a 
result of erosion and sedimentation. 

  

Engineering controls (pavement and building 
foundations) will prevent erosion and 
sedimentation of soil containing COCs. 

Potential 
ecological risks 
from soil-to-river 
sediment 
pollutant mobility. 

Unacceptable 
human health 
risks to residential 
users from direct 
exposure to 
contaminated soil.  

Prevent exposure of hypothetical future 
residents to surface/subsurface soil 
containing concentrations of COCs 
greater than residential RGs. 

 

LUCs will prevent residential site use, and thus, 
prevent exposure to soil containing contaminants 
that pose a residential human health risk.   

 

2.8.7 Statutory Determinations 

In accordance with the NCP, the Zone 7 Selected Remedy meets the following statutory determinations: 
 
 Protection of Human Health and the Environment – LUCs (CERCLA risk-based engineering 

controls, CTDEEP RSR engineered controls, institutional controls, and inspections) will be 
implemented to achieve RGs. The Selected Remedy will prevent future human health risks to I/C and 
residential receptors from exposure to contaminated soil, and prevent contaminants from migrating 
from soil to groundwater.   
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 Compliance with ARARs – The Selected Remedy will attain all identified federal and state ARARs, 
as presented in Appendix B.   

 
 Cost-Effectiveness – The Selected Remedy represents the most reasonable value for the money by 

providing the necessary degree of protection at the lowest cost.  Detailed costs for the Selected 
Remedy are presented in Appendix C. 

 
 Utilization of Permanent Solutions and Alternative Treatment Technologies or Resource Recovery 

Technologies to the Maximum Extent Practicable – The Selected Remedy represents the maximum 
extent to which permanent solutions and alternative treatment technologies can be used in a practical 
manner at Zone 7.  Based on the type and volume of contamination, in-situ treatment alternatives will 
cause greater short-term risk, be more difficult to implement, and have a greater cost.  LUCs 
(CERCLA risk-based engineering controls, CTDEEP RSR engineered controls, institutional controls, 
and inspections) and monitoring provides the best balance of tradeoffs for long-term effectiveness 
and permanence with ease of implementation for reasonable cost. 

 
 Preference for Treatment as a Principal Element – Treatment is not a principal element of the 

Selected Remedy for soil in Zone 7.  Based on the type and volume of contamination, in-situ 
treatment alternatives will cause greater short-term risk, be more difficult to implement, and have a 
greater cost.  LUCs (CERCLA risk-based engineering controls, CTDEEP RSR engineered controls, 
institutional controls, and inspections) and monitoring provides the best balance of tradeoffs with 
respect to long-term effectiveness and permanence at a reasonable cost.  

 
 Five-Year Review Requirement – Five-year reviews will be conducted because contamination will 

remain in excess of levels that allow for unrestricted use and unlimited exposure. 
 

2.9 PRINCIPAL THREAT WASTE 

Principal threat wastes are those source materials considered to be highly toxic or highly mobile that 
generally cannot be reliably contained or that would present a significant risk to human health or the 
environment should exposure occur.  A source material is a material that includes or contains hazardous 
substances, pollutants, or contaminants that act as a reservoir for migration of contamination to 
groundwater, surface water, or air, or acts as a source for direct exposure.  The NCP at 40 CFR 
300.430(a)(1)(iii)(A) establishes an expectation that treatment will be used to address the principal threats 
posed by a site wherever practicable.  At the Lower Subase (OU4), the contaminant concentrations are 
not highly toxic or highly mobile; therefore, principal threat wastes are not present at the site.  
 

2.10 DOCUMENTATION OF SIGNIFICANT CHANGES 

The Proposed Plan for the Lower Subase was released on April 4, 2012.  The Proposed Plan identified 
LUCs (CERCLA risk-based engineering controls, institutional controls, and inspections) and monitoring as 
the proposed remedy for Zone 1, LUCs (CERCLA risk-based engineering and CTDEEP RSR engineered 
controls, institutional controls, and inspections) and monitoring as the proposed remedy for Zone 3 and 
Zone 7; excavation to meet I/C direct exposure and pollutant mobility RGs, off-site disposal, LUCs 
(CERCLA risk-based engineering controls, institutional controls, and inspections), and monitoring as the 
proposed remedy for Zone 4 soil; and dredging to meet RGs, dewatering, and off-site disposal of 
dewatered sediment and dewatering fluid, LUCs (institutional controls and inspections), and monitoring 
(Zone 4) and capping to meet RAOs, LUCs (institutional controls and inspections), and monitoring (Outer 
Pier 1) as the proposed remedy for Zone 4/Outer Pier 1 sediment.   
 
The Navy and EPA reviewed all written and verbal comments submitted during the public comment 
period and determined that no significant changes to this decision, as originally identified in the Proposed 
Plan, were necessary or appropriate. 
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3.0 RESPONSIVENESS SUMMARY 

3.1 STAKEHOLDER COMMENTS AND LEAD AGENCY RESPONSES 

Participants in the public meeting held on April 12, 2012, included members of the public (e.g., RAB 
members) and representatives of the Navy, EPA, and CTDEEP.  No questions or concerns were raised at 
the meeting and no objections were voiced regarding the Navy’s preferred alternatives identified in the 
Proposed Plan (see Appendix E).  No written comments, concerns, or questions were received by the 
Navy, EPA, or CTDEEP during the public comment period (April 5, 2012 to May 4, 2012). 
 

3.2 TECHNICAL AND LEGAL ISSUES 

No technical or legal issues associated with the OU4 ROD were identified. 
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MONITORING AND S-3.2 (Zone 3), AND S-7.2 (Zone 7) LUCs (ENGINEERING AND ENGINEERED CONTROLS, INSTITUTIONAL 
CONTROLS, AND INSPECTIONS) AND MONITORING 

LOWER SUBASE RECORD OF DECISION 
NSB-NLON, GROTON, CONNECTICUT 
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Requirement Citation Status Synopsis of Requirement Action to be Taken to Attain ARAR 

FEDERAL     

Cancer Slope Factors (CSFs) United States 
Environmental 
Protection Agency 
(USEPA) Integrated 
Risk Information 
System (IRIS) and 
others 

To Be 
Considered 
(TBC) 

These are guidance values used in risk 
assessment to evaluate the potential 
carcinogenic risk caused by exposure to 
contaminants. 

Would comply.  The land use controls (LUCs) of Alternatives 
S-1.2, S-3.2, and S-7.2 would ensure maintenance of 
building foundations and paved areas, regulate the 
disturbance of contaminated soil, and prohibit hypothetical 
future residential development, all of which would address 
unacceptable industrial/ commercial (I/C) carcinogenic risks. 
 In addition, the monitoring of these same alternatives would 
warn of potential migration of soil chemicals of concern 
(COCs) to groundwater, which would also minimize 
unacceptable risks.   

Reference Doses (RfDs) EPA IRIS and others TBC These are guidance values used in risk 
assessment to evaluate the potential non-
carcinogenic hazard caused by exposure to 
contaminants. 

Would comply.  The LUCs of Alternatives S-1.2, S-3.2, and 
S-7.2 would ensure maintenance of building foundations and 
paved areas, regulate the disturbance of contaminated soil, 
and prohibit hypothetical future residential development, all 
of which would address unacceptable I/C noncarcinogenic 
hazards.  In addition, the monitoring of these same 
alternatives would warn of potential migration of soil COCs to 
groundwater, which would also minimize unacceptable risks. 

Guidelines for Carcinogen Risk 
Assessment 

EPA/630/P-03/001F 
(March 2005) 

TBC These guidelines are used to perform human 
health risk assessments. 

Would comply.  The LUCs of Alternatives S-1.2, S-3.2, and 
S-7.2 would ensure maintenance of building foundations and 
paved areas, regulate the disturbance of contaminated soil, 
and prohibit hypothetical future residential development, all 
of which would address unacceptable I/C carcinogenic risks. 
 In addition, the monitoring of these same alternatives would 
warn of potential migration of soil COCs to groundwater, 
which would also minimize unacceptable risks. 
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Requirement Citation Status Synopsis of Requirement Action to be Taken to Attain ARAR 

FEDERAL (continued)     

Supplemental Guidance for 
Assessing Susceptibility from 
Early-Life Exposure to 
Carcinogens 

EPA/630/R-03/003F 
(March 2005) 

TBC These guidelines are used to perform human 
health risk assessments. 

Would comply.  The LUCs of Alternatives S-1.2, S-3.2, and 
S-7.2 would ensure maintenance of building foundations and 
paved areas, regulate the disturbance of contaminated soil, 
and prohibit hypothetical future residential development, all 
of which would address unacceptable I/C carcinogenic risks 
to children.  In addition, the monitoring of these same 
alternatives would warn of potential migration of soil COCs to 
groundwater, which would also minimize unacceptable risks 
to children. 

Recommendations of the 
Technical Review Workgroup 
for Lead for an Approach to 
Assessing Risks Associated 
with Adult Exposure to Lead in 
Soil 

EPA-540-R-03-001, 
OSWER Dir 
#9285.7-54 
(January 2003) 

TBC USEPA guidance for evaluating the risks posed 
by lead in soil. 

Would comply.  The LUCs of Alternatives S-1.2, S-3.2, and 
S-7.2 would ensure maintenance of building foundations and 
paved areas, regulate the disturbance of contaminated soil, 
and prohibit hypothetical future residential development, all 
of which would address unacceptable risk from exposure to 
lead contaminated soil.  In addition, the monitoring of these 
same alternatives would warn of potential migration of lead 
from soil to groundwater, which would also minimize 
unacceptable risks. 

STATE OF CONNECTICUT     

Remediation Standard 
Regulations (RSRs) 

Connecticut General 
Statutes (CGS) 
§22a-133k; 
Regulations of 
Connecticut State 
Agencies (RCSA) 
§22a-133k - 1 
through 3 

Applicable These regulations establish Direct Exposure 
Criteria (DEC) and Pollutant Mobility Criteria 
(PMC) for contaminated soil.  Particularly, §22a-
133k-2(d)(2) allows for the development of 
alternative DECs, and §22a-133k-2(c)(2)(E) 
allows for the development and use of 
Alternative PMC for soil overlying groundwater 
classified as GB.  These Alternative PMC are 
equal to the GA PMC multiplied by a site-
specific dilution factor (DF) which is developed 
based on site-specific hydrogeologic 
characteristics.  In addition, §22a-133k-2(f) 
allows for the use of engineered controls to 
isolate contaminated soil that may cause 
unacceptable direct exposure or pollutant 
mobility risks.   

Alternatives S-1.2, S-3.2, and S-7.2 would comply with 
Alternative DECs and Alternative PMCs of these regulations 
through the use of LUCs (engineering and institutional 
controls for S-1.2 and engineering, engineered, and 
institutional controls for S-3.2 and S-7.2).  Under Alternative 
S-7.2, upgrade and maintenance of the storm sewers 
passing through contaminated soil would be required. All of 
the alternatives would prevent even greater risks from 
residential development.  In addition, the groundwater 
monitoring for all of the alternatives would warn of potential 
migration of soil COCs to groundwater.  The building 
foundations and pavement will be established, monitored 
and maintained in compliance with these standards.  
Alternative DECs and PMCs for each zone are identified in 
the ROD text.  
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Requirement Citation Status Synopsis of Requirement Action to be Taken to Attain ARAR 

FEDERAL     

Endangered Species Act 16 USC 1531 et 
seq., 50 CFR 200 
and 402 

Applicable Remedial actions may not jeopardize the 
continued existence of federally-listed 
endangered or threatened species, or 
adversely modify or destroy their critical 
habitat. The Atlantic Sturgeon has been listed 
as an Endangered Species in the region 
including the Thames River. 

The Navy will consult with the appropriate federal 
resource agencies to ensure that the monitoring 
activities and establishment and long-term 
maintenance of the cover system in Alternatives S-
1.2, S-3.2, and S-7.2 would not disturb aquatic 
habitats in the Thames River which are used by the 
federally endangered Atlantic Sturgeon and would 
address risks posed by potential migration of soil 
COCs to the Thames River. 

Coastal Zone Management Act 16 USC Parts 1451 
et. seq. 

Applicable Requires that any actions that affect a land or 
water use or water resource of the coastal zone 
must be conducted in a manner consistent to 
the maximum extent practical with enforceable 
policies of state-approved management 
programs.   

Would comply.  The monitoring activities and 
establishment and long-term maintenance of the 
cover system in Alternatives S-1.2, S-3.2, and S-
7.2 would comply with the substantive 
requirements of this act. 

Floodplain Management and 
Protection of Wetlands    

44 CFR 9 Relevant and 
appropriate 

FEMA regulations that set forth the policy, 
procedure and responsibilities to implement 
and enforce Executive Order 11988 Floodplain 
Management and Executive Order 11990, 
Protection of Wetlands. 

Would comply.  The monitoring activities and 
establishment and long-term maintenance of the 
cover system in Alternatives S-1.2, S-3.2, and S-
7.2 will be implemented in compliance with these 
standards.  The Navy solicited public comment as 
part of the Proposed Plan on the measures taken 
through the remedial action to protect floodplain 
and wetland resources and received no negative 
comments to implementing these alternatives.       

STATE OF CONNECTICUT     

Connecticut Coastal 
Management Act 

Regulations of 
Connecticut State 
Agencies (RCSA) 
§22a-90 to 112 

Applicable The sites are in a coastal zone management 
area.  Therefore, requirements for site planning 
must include approval of activities within the 
coastal zone to minimize project impacts to this 
area. 

Would comply.  The monitoring activities and 
establishment and long-term maintenance of the 
cover system in Alternatives S-1.2, S-3.2, and S-
7.2 would comply with the substantive 
requirements of this act. 

Tidal Wetlands and 
Watercourses 

RCSA §22a-30-1 
through 17 

Applicable 

 

These rules regulate all activities within or 
affecting tidal wetlands and watercourses.  

Would comply.  The monitoring activities and 
establishment and long-term maintenance of the 
cover system in Alternatives S-1.2, S-3.2, and S-
7.2 would be managed to prevent erosion and 
other disturbance to tidal wetlands and the Thames 
River. 
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Requirement Citation Status Synopsis of Requirement Action to be Taken to Attain ARAR 

Flood Management Regulations RCSA 25-68h-1 
through 25-68h-3 

Relevant and 
Appropriate 

These regulations govern State activities in 
floodplains to minimize flood risk and prevent 
flood hazards.  Also addresses stormwater 
runoff. 

Would comply.  The monitoring activities and 
establishment and long-term maintenance of the 
cover system in Alternatives S-1.2, S-3.2, and S-
7.2 would consider the potential for disturbance of 
floodplains.  Any work in floodplains would comply 
with the substantive provisions of the regulations.   

 

Connecticut Endangered 
Species Act 

CGS § 26-303 thru 
314 

Relevant and 
Appropriate 

Remedial actions may not jeopardize the 
continued existence of state-listed endangered 
or threatened species, or adversely modify or 
destroy their critical habitat. 

Would comply.  The monitoring activities and 
establishment and long-term maintenance of the 
cover system in Alternatives S-1.2, S-3.2, and S-
7.2 would not disturb aquatic habitats in the 
Thames River which are used by the state-
threatened Atlantic Sturgeon and would address 
risks posed by potential migration of soil COCs to 
the Thames River.  
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Requirement Citation Status Synopsis Action to be Taken to Attain ARAR 

FEDERAL     

Clean Water Act (CWA), 
Section 402, National Pollution 
Discharge Elimination System 
(NPDES) 

United States 
Code (USC) 1342; 
40 Code of Federal 
Regulations (CFR) 
122 

through 125 

Applicable These standards govern point source 
discharges of pollutants to surface water.  
Includes stormwater requirements for 
construction projects that disturb over one 
acre. 

The stormwater standards under these regulations 
would be met during any establishment or 
maintenance of the building foundations and paved 
areas. 

Clean Water Act, National 
Recommended Water Quality 
Criteria (NRWQC) 

33 USC § 1251 et 
seq.; 40 CFR 
122.44 

Relevant and 
Appropriate 

Used to establish water quality standards for 
the protection of aquatic life.   

Standards to be used for monitoring water quality 
in the Thames River during active remedial 
activities within the floodplain and as part of long-
term water quality monitoring for alternatives that 
leave waste in place. 

STATE OF CONNECTICUT     

Hazardous Waste Management: 
Generator and Handler 
Requirements, Listing, and 
Identification 

Regulations of 
Connecticut State 
Agencies (RCSA)  

§22a-449(c) 100-
101   

Applicable Connecticut is delegated to administer the 
federal Resource Conservation and Recovery 
Act (RCRA) statute through its state 
regulations.  These sections establish 
standards for listing and identification of 
hazardous waste.  The standards of 40 CFR 
260-261 are incorporated by reference 

Would comply.  No significant excavation would be 
part of the monitoring and establishment and long-
term maintenance of the building foundations and 
paved areas of Alternatives S-1.2, S-3.2, and S-
7.2.  However, soil excavated during general 
Subase maintenance would be tested, and any soil 
identified as hazardous waste would be managed 
in accordance with these regulations. 

 
Hazardous Waste Management: 
Generator Standards 

 
RCSA § 22a-
449(c)-102  

 
Applicable 

 
This section establishes standards for various 
classes of generators.  The standards of 40 
CFR 262 are incorporated by reference.   

Would comply.  Any hazardous waste that would 
be generated from the monitoring activities and 
establishment and long-term maintenance of the 
building foundations and paved areas of 
Alternatives S-1.2, S-3.2, and S-7.2 would be 
handled and disposed of in compliance with these 
standards. 

Water Quality Standards Regulations 
promulgated under 
Connecticut 
General Statutes 
(CGS) §22a-426  

Applicable Connecticut’s Water Quality Standards 
establish specific numeric criteria, designated 
uses, and anti-degradation policies for 
groundwater and surface water. Groundwater 
at the site is classified under these regulations 
as GB.  Includes stormwater requirements for 
construction projects that disturb over 1 acre. 

Would comply.  The long-term groundwater 
monitoring and establishment and long-term 
maintenance of the building foundations and paved 
areas of Alternatives S-1.2, S-3.2, and S-7.2 would 
ensure that groundwater quality standards for GB 
groundwater would be maintained outside of the 
compliance zone for the waste management area.  
Monitoring would also ensure that stormwater and 
groundwater standards would be met. 
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STATE OF CONNECTICUT (Continued)    

Air Pollution Control RCSA §22a-174 1-
20 

Applicable These regulations pertain to construction and 
operation of specified types of emission 
sources and contain emission standards that 
must be met.  Pollutant abatement controls 
may be required.  Specific standards pertain to 
fugitive dust (18b). 

Would comply.  The monitoring activities and 
establishment and long-term maintenance of the 
building foundations and paved areas of 
Alternatives S-1.2, S-3.2, and S-7.2 would be 
performed so as to minimize fugitive emissions and 
would comply with the substantive requirements of 
these regulations.   

Guidelines for Soil Erosion and 
Sediment Control 

Connecticut 
Council on Soil 
and Water 
Conservation 

To Be Considered 
(TBC) 

Technical and administrative guidance for 
development, adoption, and implementation of 
an erosion and sediment control program. 

Would comply.  No significant excavation would be 
part of the monitoring and establishment and long-
term maintenance of the building foundations and 
paved areas of Alternatives S-1.2, S-3.2, and S-
7.2.  However, some excavation may be required 
to upgrade and maintain the storm sewers under 
Alternative S-7.2.  Erosion and sedimentation 
control measures would be implemented as 
required. 
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FEDERAL     

Cancer Slope Factors (CSFs) United States 
Environmental 
Protection Agency 
(USEPA) Integrated 
Risk Information 
System (IRIS) and 
others 

To Be 
Considered 
(TBC) 

These are guidance values used in risk 
assessment to evaluate the potential 
carcinogenic risk caused by exposure to 
contaminants. 

Would comply.  Alternative S-4.5B would include excavation 
and off-site treatment and disposal of soil that could result in 
unacceptable industrial/commercial (I/C) carcinogenic risks 
and contribute to the migration of chemicals of concern 
(COCs) to groundwater.  This alternative would also include 
land use controls (LUCs) that would ensure maintenance of 
building foundations and paved areas, regulate the 
disturbance of contaminated soil, and prohibit hypothetical 
future residential development, all of which would address 
unacceptable risks.  The monitoring of this alternative would 
also warn of potential migration of soil COCs to groundwater, 
which would also minimize unacceptable risks. 

Reference Doses (RfDs) USEPA IRIS and 
others 

TBC These are guidance values used in risk 
assessment to evaluate the potential 
noncarcinogenic hazard caused by exposure to 
contaminants. 

Would comply.  Alternative S-4.5B would include excavation 
and off-site treatment and disposal of soil that could result in 
unacceptable I/C noncarcinogenic risks and contribute to the 
migration of COCs to groundwater.  This alternative would 
also include LUCs that would ensure maintenance of 
building foundations and paved areas, regulate the 
disturbance of contaminated soil, and prohibit hypothetical 
future residential development, all of which would address 
unacceptable risks.  The monitoring of this alternative would 
also warn of potential migration of soil COCs to groundwater, 
which would also minimize unacceptable risks. 

Guidelines for Carcinogen Risk 
Assessment 

EPA/630/P-03/001F 
(March 2005) 

TBC These guidelines are used to perform human 
health risk assessments. 

Would comply.  Alternative S-4.5B would include excavation 
and off-site treatment and disposal of soil that could result in 
unacceptable I/C carcinogenic risks and contribute to the 
migration of COCs to groundwater.  This alternative would 
also include LUCs that would ensure maintenance of 
building foundations and paved areas, regulate the 
disturbance of contaminated soil, and prohibit hypothetical 
future residential development, all of which would address 
unacceptable risks.  The monitoring of this alternative would 
also warn of potential migration of soil COCs to groundwater, 
which would also minimize unacceptable risks. 
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FEDERAL (continued)     

Supplemental Guidance for 
Assessing Susceptibility from 
Early-Life Exposure to 
Carcinogens 

EPA/630/R-03/003F 
(March 2005) 

TBC These guidelines are used to perform human 
health risk assessments. 

Would comply.  Alternative S-4.5B would include excavation 
and off-site treatment and disposal of soil that could result in 
unacceptable I/C carcinogenic risks and contribute to the 
migration of COCs to groundwater.  This alternative would 
also include LUCs that would ensure maintenance of 
building foundations and paved areas, regulate the 
disturbance of contaminated soil, and prohibit hypothetical 
future residential development, all of which would address 
unacceptable risks.  The monitoring of this alternative would 
also warn of potential migration of soil COCs to groundwater, 
which would also minimize unacceptable risks. 

Recommendations of the 
Technical Review Workgroup 
for Lead for an Approach to 
Assessing Risks Associated 
with Adult Exposure to Lead in 
Soil 

EPA-540-R-03-001, 
Office of Solid 
Waste and 
Emergency 
Response 
(OSWER) Directive 
#9285.7-54 
(January 2003) 

TBC USEPA guidance for evaluating the risks posed 
by lead in soil. 

Would comply.  Alternative S-4.5B would meet this standard 
because potential lead risk from adult exposure would be 
addressed through excavation and off-site treatment and 
disposal of all lead-contaminated soil associated with 
unacceptable risk.  This alternative would also include LUCs 
that would ensure maintenance of building foundations and 
paved areas, regulate the disturbance of contaminated soil, 
and prohibit hypothetical future residential development, all 
of which would address unacceptable risks from exposure to 
lead-contaminated soil.  The monitoring of this alternative 
would also warn of potential migration of lead from soil to 
groundwater, which would also minimize unacceptable risks. 

STATE OF CONNECTICUT     

Remediation Standard 
Regulations (RSRs) 

Connecticut General 
Statutes (CGS) 
§22a-133k; 
Regulations of 
Connecticut State 
Agencies (RCSA) 
§22a-133k - 1 
through 3 
(Appendices A and 
B) 

Applicable These regulations establish Direct Exposure 
Criteria (DECs) and Pollutant Mobility Criteria 
(PMCs) for contaminated soil.  Particularly, 
§22a-133k-2(d)(2) allows for the development 
of alternative DECs, and §22a-133k-2(c)(2)(E) 
allows for the development and use of 
Alternative PMCs for soil overlying groundwater 
classified as GB.  These Alternative PMCs are 
equal to the GA PMCs multiplied by a site-
specific dilution factor (DF) developed based on 
site-specific hydrogeologic characteristics. 

Would comply.  Alternative S-4.5B would include excavation 
and off-site treatment and disposal, which would remedy 
current exceedances of Alternative I/C DECs and Alternative 
PMCs.  This alternative would also include LUCs, which 
would prevent risk from exposure under residential site use, 
maintain building foundations and paved areas (including 
restoring pavement over excavated areas), and monitoring, 
which would warn of the potential migration of soil COCs to 
groundwater.   
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FEDERAL     

Endangered Species Act 16 USC 1531 et 
seq., 50 CFR 200 
and 402 

Applicable Remedial actions may not jeopardize the 
continued existence of federally-listed 
endangered or threatened species, or 
adversely modify or destroy their critical habitat. 
The Atlantic Sturgeon has been listed as an 
Endangered Species in the region including the 
Thames River. 

The Navy will consult with the appropriate federal 
resource agencies to ensure that the excavation, 
off-site disposal, maintenance of engineering 
controls, and monitoring activities of Alternative    
S-4.5B would not disturb aquatic habitats in the 
Thames River, which are used by the federally 
endangered Atlantic Sturgeon, and would address 
risks posed by potential migration of soil COCs to 
the Thames River. 

Coastal Zone Management Act 16 USC Parts 1451 
et. seq. 

Applicable Requires that any actions that affect a land or 
water use or water resource of the coastal zone 
must be conducted in a manner consistent to 
the maximum extent practical with enforceable 
policies of state-approved management 
programs.   

Would comply.  The excavation, off-site treatment 
and disposal, and monitoring activities of 
Alternative S-4.5B would comply with the 
substantive requirements of this act. 

Floodplain Management and 
Protection of Wetlands    

44 CFR 9 Relevant and 
appropriate 

Federal Emergency Management Agency 
(FEMA) regulations that set forth the policy, 
procedure and responsibilities to implement 
and enforce Executive Order 11988, Floodplain 
Management, and Executive Order 11990, 
Protection of Wetlands.  

Would comply.  The excavation and off-site 
treatment and disposal of Alternative S-4.5B would 
be implemented in compliance with these 
standards.  The Navy solicited public comment as 
part of the Proposed Plan on the measures taken 
through the remedial action to protect floodplain 
and wetland resources and received no negative 
comments to implementing these alternatives.       

STATE OF CONNECTICUT     

Connecticut Coastal Management 
Act 

Regulations of 
Connecticut State 
Agencies (RCSA) 
§22a-90 to 112 

Applicable The sites are in a coastal zone management 
area; therefore, requirements for site planning 
approval of activities within the coastal zone to 
minimize project impacts to this area. 

Would comply.  The excavation, off-site disposal, 
maintenance of engineering controls, and 
monitoring activities of Alternative S-4.5B would 
comply with the substantive requirements of this 
act. 

Tidal Wetlands and Watercourses RCSA §22a-30-1 
through 17 

Applicable These rules regulate all activities within or 
affecting tidal wetlands and watercourses.  

Would comply.  The excavation, off-site disposal, 
maintenance of engineering controls,  and 
monitoring activities of Alternative S-4.5B would be 
managed to prevent erosion and other disturbance 
to tidal wetlands. 
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STATE OF CONNECTICUT (continued) 

Flood Management Regulations RCSA 25-68h-1 
through 25-68h-3 

Relevant and 
appropriate 

These regulations address activities in 
floodplains to minimize flood risk and prevent 
flood hazards.  Also address stormwater runoff. 

Would comply.  The excavation, off-site disposal, 
maintenance of engineering controls, and 
monitoring activities of Alternative S-4.5B would 
consider the potential for disturbance of 
floodplains.  Any work in floodplains would comply 
with the substantive provisions of the regulations.   

Connecticut Endangered Species 
Act 

Connecticut 
General Statutes 
(CGS)   §26-303 
through 314 

Relevant and 
Appropriate 

Remedial actions may not jeopardize the 
continued existence of state-listed endangered 
or threatened species, or adversely modify or 
destroy their critical habitat. 

Would comply.  The excavation, off-site disposal, 
maintenance of engineering controls, and 
monitoring activities of Alternative S-4.5B would not 
disturb aquatic habitats in the Thames River, which 
are used by the state-threatened Atlantic Sturgeon, 
and would address risks posed by potential 
migration of soil COCs to the Thames River.  
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FEDERAL     

Clean Water Act, National 
Recommended Water Quality 
Criteria (NRWQC) 

33 USC § 1251 et 
seq.; 40 CFR 
122.44 

Relevant and 
Appropriate 

Used to establish water quality standards for 
the protection of aquatic life.   

Standards to be used for monitoring water quality in 
the Thames River during active remedial activities 
within the floodplain and as part of long-term water 
quality monitoring for alternatives that leave waste 
in place. 

Clean Water Act (CWA), Section 
402, National Pollution Discharge 
Elimination System (NPDES) 

USC 1342; 40 CFR 
122 through 125 

Applicable These standards govern point source 
discharges of pollutants to surface water.  
Includes stormwater requirements for 
construction projects that disturb over 1 acre. 

Would comply.  Any construction activities during 
implementation of Alternative S-4.5B would be 
performed in accordance with the stormwater 
requirements of these standards.  

STATE OF CONNECTICUT     

Hazardous Waste Management:  
Generator and Handler 
Requirements, Listing and 
Identification 

Regulations of 
Connecticut State 
Agencies (RCSA) 
§22a-449(c) 100-
101   

Applicable Connecticut is delegated to administer the 
federal Resource Conservation and Recovery 
Act (RCRA) statute through its state 
regulations.  These sections establish 
standards for listing and identification of 
hazardous waste.  The standards of 40 CFR 
260-261 are incorporated by reference. 

Would comply.  The soil excavated as part of 
Alternative S-4.5B would be tested, and any soil 
identified as hazardous would be managed in 
accordance with these regulations.  Confirmatory 
sampling would determine whether any soil with 
hazardous characteristics is left in place following 
excavation. 

 
Hazardous Waste Management: 
Generator Standards 

 
RCSA §22a-449(c)-
102  

 
Applicable 

 
This section establishes standards for various 
classes of generators.  The standards of 40 
CFR 262 are incorporated by reference.   

Would comply.  Soil excavated as part of 
Alternative S-4.5B would be tested for hazardous 
characteristics.  Any excavated soil identified as 
hazardous would be handled and disposed of in 
compliance with these standards. 

Water Quality Standards Regulations 
Promulgated under 
Connecticut 
General Statutes 
(CGS) §22a-426  

Applicable Connecticut’s Water Quality Standards 
establish specific numeric criteria, designated 
uses, and anti-degradation policies for 
groundwater and surface water. Groundwater 
at the site is classified under these regulations 
as GB.  Includes stormwater requirements for 
construction projects that disturb over 1 acre. 

Would comply.  The excavation, off-site disposal, 
maintenance of engineering controls, and long-term 
groundwater monitoring of Alternative S-4.5B would 
ensure that groundwater quality standards for GB 
groundwater would be maintained.  Monitoring 
would ensure that stormwater and groundwater 
standards were being met. 
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STATE OF CONNECTICUT (continued) 

Air Pollution Control RCSA §22a-174 1-
20 

Applicable These regulations pertain to construction and 
operation of specified types of emission 
sources and contain emission standards that 
must be met.  Pollutant abatement controls 
may be required.  Specific standards pertain to 
fugitive dust (18b). 

Would comply.  The excavation, off-site disposal, 
maintenance of engineering controls, and long-term 
groundwater monitoring of Alternative S-4.5B would 
be performed so as to minimize fugitive emissions 
and would comply with the substantive 
requirements of these regulations.   

Connecticut Guidelines for Soil 
Erosion and Sediment Control 

Connecticut Council 
on Soil and Water 
Conservation 

To Be Considered 
(TBC) 

Technical and administrative guidance for 
development, adoption, and implementation of 
an erosion and sediment control program. 

Would comply.  Excavation activities associated 
with Alternative S-4.5B would include an 
appropriate erosion and sedimentation control 
program that would comply with these guidelines. 
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FEDERAL     

Cancer Slope Factors (CSFs) United States 
Environmental 
Protection Agency 
(EPA) Integrated 
Risk Information 
System (IRIS) and 
others 

To Be 
Considered 
(TBC)  

These are guidance values used in risk 
assessment to evaluate the potential 
carcinogenic hazard caused by exposure to 
contaminants. 

Would comply.  These standards would be used to 
determine that there are no unacceptable carcinogenic risks 
from direct exposure to contaminated sediment.  Alternative 
SD-8 would meet these standards because potential risk 
from adult exposure to contaminated sediment would be 
addressed through capping or dredging and off-site disposal 
of contaminated sediment, and long-term monitoring. 

Reference Doses (RfDs) EPA IRIS and 
others 

TBC These are guidance values used in risk 
assessment to evaluate the potential non-
carcinogenic hazard caused by exposure to 
contaminants. 

Would comply.  These standards would be used to 
determine that there are no unacceptable non-carcinogenic 
risks from direct exposure to contaminated sediment.  
Alternative SD-8 would meet these standards because 
potential risk from adult exposure to contaminated sediment 
would be addressed through capping or dredging and off-
site disposal of contaminated sediment, and long-term 
monitoring.   

Guidelines for Carcinogen Risk 
Assessment 

EPA/630/P-03/001F 
(March 2005) 

TBC  These guidelines are used to perform human 
health risk assessments. 

Would comply.  These standards would be used to 
determine that there are no unacceptable carcinogenic risks 
from direct exposure to contaminated sediment.  Alternative 
SD-8 would meet these standards because potential risk 
from adult exposure to contaminated sediment would be 
addressed through capping or dredging and off-site disposal 
of contaminated sediment, and long-term monitoring. 
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FEDERAL (continued)     

Supplemental Guidance for 
Assessing Susceptibility from 
Early-Life Exposure to 
Carcinogens 

EPA/630/R-03/003F 
(March 2005) 

TBC  These guidelines are used to perform human 
health risk assessments. 

Would comply.  These standards would be used to 
determine that there are no unacceptable carcinogenic risks 
to children from direct exposure to contaminated sediment.  
Alternative SD-8 would meet these standards because 
potential risk from child exposure to contaminated sediment 
would be addressed through capping or dredging and off-
site disposal of contaminated sediment, and long-term 
monitoring.    

Effect Range Median-Quotient 
(ERM-Q) 

Long, Edward, et al, 
  1995.  Incidence of 
Adverse Biological 
Effects Within 
Ranges of Chemical 
Concentrations in 
Marine and 
Estuarine 
Sediments, and 
Long and Morgan, 
1991.  Potential for 
Biological Effects of 
Sediment-Sorbed 
Contaminants 
Tested in the 
National Status and 
Trends Program. 

TBC Provide guidance values for identifying potential 
risk to ecological receptors exposed to 
contaminated sediments. The citations provide 
the ERM values which were then used in 
conjunction with site-specific toxicity test data to 
develop the RGs. 

Would comply.  The document would be used to develop 
standards used for evaluating risk to aquatic ecological 
receptors exposed to contaminated sediment. Guidance was 
used to establish sediment RGs for identified COCs.  
Alternative SD-8 would meet the standards because 
potential risk to aquatic ecological receptors to contaminated 
sediment would be addressed through capping or dredging 
and off-site disposal of contaminated sediment, and long-
term monitoring.   

STATE OF CONNECTICUT     

None     



TABLE B-8 
 

ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 
SEDIMENT ALTERNATIVE SD-8 (Zone 4 and Outer Pier 1) 

ZONE 4 – DREDGING TO MEET RGs, DEWATERING, AND OFF-SITE DISPOSAL OF DEWATERED SEDIMENT AND DEWATERING FLUID, 
LUCs (INSTITUTIONAL CONTROLS AND INSPECTIONS), AND MONITORING AND OUTER PIER 1 – CAPPING TO MEET RAOs, LUCs 

(INSTITUTIONAL CONTROLS AND INSPECTIONS), AND MONITORING 
LOWER SUBASE RECORD OF DECISION 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 3 

 
Requirement Citation Status Synopsis of Requirement Action to be Taken to Attain ARAR 

FEDERAL     

Endangered Species Act 16 USC 1531 et 
seq., 50 CFR 200 
and 402 

Applicable Remedial actions may not jeopardize the 
continued existence of federally-listed 
endangered or threatened species, or 
adversely modify or destroy their critical habitat. 
The Atlantic Sturgeon has been listed as an 
Endangered Species in the region including the 
Thames River. 

The Navy will consult with the appropriate 
federal resource agencies to ensure that the 
dredging, dewatering, and cap maintenance 
components will be conducted so as to 
minimize disturbance to aquatic habitats in the 
Thames River which may be used by the 
federally endangered Atlantic Sturgeon. 

Clean Water Act (CWA)  
Section 404(b)(1) Guidelines for 
Specification of Disposal Sites for 
Dredged or Fill Material 

33 United States 
Code (USC) 1344; 
40 Code of Federal 
Regulations (CFR) 
Part 230 and 320-
323 

Applicable These rules regulate the discharge of dredged 
or fill materials in wetlands and navigable 
waters.  No activity that impacts waters of the 
United States shall be permitted if a practicable 
alternative that has less adverse impact exists. 
 If there is no other practicable alternative, the 
impacts must be mitigated. 

Would comply.  Dredging operations including 
sediment dewatering would be conducted in a 
manner that will minimize discharges to 
wetlands or navigable waters.  Resource 
agencies have indicated that mitigation would 
not be required for altering aquatic habitat.  
Cap maintenance and long-term monitoring 
activities would also meet these standards.  
The least environmentally damaging 
practicable alternative was selected. 

Rivers and Harbors Act, Section 10 33 USC 403; 33 
CFR Parts 320-323 

Applicable  Sets forth criteria for obstructions or alterations 
of navigable waters. 

The dredging, dewatering, and cap 
maintenance and long-term monitoring 
components would meet the substantive 
environmental requirements of these 
standards. 

Fish and Wildlife Coordination Act 16 USC Part 661 
et seq.,  

Applicable  Protects fish and wildlife when actions at the 
site would result in the control or structural 
modification of a natural stream, body of water, 
wetland, floodplain, or flood-prone area.  The 
statute requires federal agencies to take into 
account the effects of remedial actions and 
prevent loss or damage to resources. 

The dredging, dewatering, and cap 
maintenance and long-term monitoring 
components would be conducted so as to 
minimize impacts to fish and wildlife in the 
Thames River.  Federal and State resource 
agencies would be consulted to prevent, 
mitigate, or compensate for loss of fish and 
wildlife. 

Coastal Zone Management Act 16 USC Parts 1451 
et seq. 

Applicable  Requires that any actions that affect a land or 
water use or natural resource of the coastal 
zone must be conducted in a manner 
consistent to the maximum extent practical with 
enforceable policies of state-approved 
management programs.   

The dredging, dewatering, and cap 
maintenance and long-term monitoring 
components of would be conducted so as to 
comply with the substantive requirements of 
this act. 
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Requirement Citation Status Synopsis of Requirement Action to be Taken to Attain ARAR 

FEDERAL (Continued)     

Floodplain Management and 
Protection of Wetlands    

44 CFR 9 Relevant and 
appropriate 

FEMA regulations that set forth the policy, 
procedure and responsibilities to implement 
and enforce Executive Order 11988 Floodplain 
Management and Executive Order 11990, 
Protection of Wetlands.  

Would comply.  Activities conducted within the 
500-year floodplain of the Thames River or 
within federal jurisdictional wetlands will be 
implemented in compliance with these 
standards.  The Navy solicited public comment 
as part of the proposed plan on the measures 
taken through the remedial action to protect 
floodplain and wetland resources.       

STATE OF CONNECTICUT     

Connecticut Coastal Management 
Act 

Regulations of 
Connecticut State 
Agencies (RCSA) 
§22a-90 to 112 

Applicable Requires that any actions must be conducted 
in a manner consistent with state-approved 
management programs.   

The dredging, dewatering, and cap 
maintenance and long-term monitoring 
components would be conducted so as to as 
to comply with the substantive requirements of 
this act. 

Regulation of Dredging and 
Erection of Structures and 
Placement of Fill in Tidal, Coastal, 
or Navigable Waters 

CGS 22a-359 
through 363f 

Applicable  This statute regulates dredging and the 
erection of structures and the placement of fill, 
and work incidental thereto, in the tidal, coastal 
or navigable waters of the state waterward of 
the high tide line. Work within the regulated 
zone must be conducted with due regard for 
indigenous aquatic life, fish and wildlife, the 
prevention or alleviation of shore erosion and 
coastal flooding, the use and development of 
adjoining uplands, the improvement of coastal 
and inland navigation for all vessels, including 
small craft for recreational purposes, the use 
and development of adjacent lands and 
properties and the interests of the state, 
including pollution control, water quality, 
recreational use of public water and 
management of coastal resources, with proper 
regard for the rights and interests of all persons 
concerned. 

The dredging, dewatering, backfilling, and cap 
maintenance and long-term monitoring 
components would be conducted so as to as 
to comply with the substantive requirements of 
this act. 
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Requirement Citation Status Synopsis of Requirement Action to be Taken to Attain ARAR 

STATE OF CONNECTICUT (continued)    

Tidal Wetlands and Watercourses Regulations of 
Connecticut State 
Agencies (RCSA) 
§22a-30-1 through 
17 

Applicable  These rules regulate all activities within or 
affecting tidal wetlands and watercourses.  

The dredging, dewatering, and cap 
maintenance and long-term monitoring 
components would be conducted so as to 
prevent erosion, sedimentation and other 
disturbance to tidal wetlands and watercourses 

Flood Management Regulations RCSA 25-68h-1 
through 25-68h-3 

Relevant and 
Appropriate 

These regulations address activities by state 
agencies in flood plains to minimize flood risk 
and prevent flood hazards. 

Would comply.  Any shoreline activities within 
the 100-year coastal flood hazard zone would 
comply with the substantive provisions of 
these regulations.   

Connecticut Endangered Species 
Act 

CGS §26-303 
through 314 

Relevant and 
Appropriate 

Remedial actions may not jeopardize the 
continued existence of state-listed endangered 
or threatened species, or adversely modify or 
destroy their critical habitat. 

The dredging, dewatering, and cap 
maintenance and long-term monitoring 
components would be conducted so as to 
minimize disturbance to aquatic habitats in the 
Thames River which are used by the state-
threatened Atlantic Sturgeon.  
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FEDERAL     

Clean Water Act (CWA), Section 
304;  National Recommended 
Water Quality Criteria (NRWQC) 

33 United States 
Code (USC) 1314; 
40 Code of Federal 
Regulations (CFR) 
122.44 

Relevant and 
Appropriate  

Guidelines establish National Recommended 
Water Quality Criteria (NRWQC) for the 
protection of human health and/or the aquatic 
organisms. 

Would comply.  Water quality monitoring would 
ensure that these criteria are not exceeded during 
dredging and dewatering operations.  Leaving 
waste in place might require long-term monitoring 
of water quality under these standards. 

Toxic Substance Control Act 
(TSCA), Polychlorinated 
Biphenyls (PCB) Remediation 
Waste Risk-Based Standards 

15 USC § 2601 et 
seq.; 40 CFR 
761.61(c) 

Applicable Risk-based standards for the sampling, 
cleanup, or disposal of PCB remediation 
waste. Written approval for the proposed risk-
based clean-up will be obtained from the Office 
of Site Remediation and Restoration, EPA 
Region 1. 

Alternative SD-8 would comply through a 
combination of dredging contaminated sediment 
above the identified PCB RG, where accessible; 
proper management of PCB-contaminated 
sediment during the dewatering and handling 
process before off-site disposal; and maintenance 
and monitoring of existing caps over inaccessible 
areas until it is shown that any remnant PCB-
contaminated sediment does not exceed the RG. 
The Navy solicited public comment in the 
Proposed Plan as to whether the finding that the 
proposed remedy for PCB contamination at the 
Site will not pose an unreasonable risk of injury to 
health or the environment.  An EPA finding that the 
remedy meets these standards is included in this 
Record of Decision. 

United States Environmental 
Protection Agency (U.S. EPA) 
Contaminated Sediment 
Remediation Guidance for 
Hazardous Waste Sites 

EPA-540-R-05-012; 
Office of Solid 
Waste and 
Emergency 
Response 
(OSWER) 9355.0-
85 December 2005 

To Be Considered 
(TBC)  

Guidance on the remediation of contaminated 
sediments, including capping and dredging. 

Would comply.  Dredging, capping, long-term 
monitoring, and other components of the remedy 
will be designed and implemented utilizing this 
guidance. 

Coast Guard Anchorage Ground 
and Regulated Navigation Area 
Rules  

33 CFR Part 110; 
165 

TBC The Coast Guard may promulgate site-specific 
rules to establish federal anchorage areas and 
regulated navigation areas (RNAs).  Once 
promulgated such a rule is also the basis for 
the National Oceanic and Atmospheric 
Administration (NOAA) to revise navigation 
charts to show the restricted area. 

If, in the future, the Navy transfers the SUBASE to 
a non-federal owner, it will explore the option of 
coordinating with the Coast Guard and river 
stakeholders in the promulgation of a Rule to 
establish a RNA for the portion of the river 
requiring LUCs.  An RNA would create federally 
enforceable restrictions to protect the LUC area 
from disturbance and to delineate the area of the 
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Requirement Citation Status Synopsis Action to be Taken to Attain ARAR 

LUCs on federal navigation charts.   

STATE OF CONNECTICUT     

Hazardous Waste Management:  
Generator and Handler 
Requirements, Listing and 
Identification 

Regulations of 
Connecticut State 
Agencies (RCSA) 
§22a-449(c) 100-
101   

Applicable Connecticut is delegated to administer the 
federal Resource Conservation and Recovery 
Act (RCRA) statute through its state 
regulations.  These sections establish 
standards for listing and identification of 
hazardous waste.  The standards of 40 CFR 
260-261 are incorporated by reference 

Would comply.  Hazardous waste determinations 
would be performed on all contaminated sediment 
excavated/dredged to determine that the levels of 
regulated constituents do not exceed applicable 
limits.  Any contaminated sediments which exceed 
hazardous waste standards would be managed in 
accordance with requirements of these 
regulations. Also, wastes produced from 
dewatering process would be tested to determine 
whether they exceed applicable limits.   

Hazardous Waste Management: 
Generator Standards 

RCSA § 22a-
449(c)-102  

Applicable  This section establishes standards for various 
classes of generators.  The standards of 40 
CFR 262 are incorporated by reference.   

Would comply.  Any hazardous waste generated 
as a result of either excavation/dredging or 
dewatering operations would be handled and 
disposed of in compliance with these standards. 

Solid Waste Management RSCA §22a-209 -1 
through 16 

Applicable to solid 
waste managed on-
site 

Management and siting requirements for the 
disposal of solid waste. 

Would comply.  All material that does not exceed 
hazardous waste threshold would be managed on-
site as solid waste and disposed off-site in an 
appropriate licensed solid waste facility.   

Air Pollution Control RCSA §22a-174 1-
20 

Applicable  These regulations pertain to the construction 
and operation of specified types of emission 
sources and contain emission standards that 
must be met.  Pollutant abatement controls 
may be required.  Specific standards pertain to 
fugitive dust (18b). 

Would comply.  If removal activities, including 
excavation/dredging or processing of 
contaminated sediment, generates regulated air 
pollutants, measures would be implemented to 
meet the substantive requirements of these 
regulations.  

Connecticut Guidelines for Soil 
Erosion and Sediment Control 

Connecticut Council 
on Soil and Water 
Conservation 

TBC  Technical and administrative guidance for 
development, adoption and implementation of 
erosion and sediment control program. 

Would comply. Excavation/dredging operations 
would include an appropriate erosion and 
sedimentation control program that would comply 
with this guidance. 

 



NSB – New London OU4, Lower Subase – Zones 1 through 7 
 Sites 10, 11, 13, 17, 19, 21, 22, 24, and 25 ROD 

   August 2012 

Appendix C 
Cost Estimates 

  





































NSB – New London OU4, Lower Subase – Zones 1 through 7 
 Sites 10, 11, 13, 17, 19, 21, 22, 24, and 25 ROD 

   August 2012 

Appendix D 
Summary of Previous Investigations 

  



APPENDIX D

SUMMARY OF PREVIOUS INVESTIGATIONS AT THE LOWER SUBASE AND RELATED DOCUMENTATION

LOWER SUBASE

NSB-NLON, GROTON, CONNECTICUT

PAGE 1 OF 15

Report
Applicable Zones

Area Investigated Associated

NSB-NLON Site

Media

Investigated

Number of

Analytical

Samples

Analytical

Parameters

Summary of Findings Historical

Recommendations

NESO 1-026
"Oil Contamination of
the Groundwater At
Subase New London,
CT"
Naval Environmental
Support Office
February 11, 1979

Zone 1 Building 29 (Power Plant
Oil Tanks, Area 1)

Lower Subase, Site 11 Soil
Groundwater

38
16

Oil/Grease Source of contamination
at Site 11 is the heated
day storage tanks and
the reclamation tank
behind the power plant.

Inspection of tanks
and storm sewers
and repair as
necessary.

Building 107/345 (Oil
Storage Tanks, Area 2)

Lower Subase, Site 10 Site 10 poses no
environmental threat.

Monitor adjacent well
regularly.

Building 79 (Waste Oil
Pit, Area 3)

Lower Subase, Site 13 Site 13 contaminated
with oil originating from
abandoned exfiltration
well or basin.

Install well system to
remove oil from the
soil.

Final Initial Assessment
Study of Naval
Submarine Base New
London, CT
NEESA 13-025
Envirodyne Engineers,
Inc.
March, 1983

Zone 4 Building 79 (Waste Oil
Pit, Site 13)

Lower Subase, Site 13 Visual
investigation
and research
of site history

None NA Low potential for
contributing
contaminants to the
environment because
source of contamination
has been filled with
concrete and closed to
all drainage.

No further action.

Zone 1 Building 107/345 (Oil
Storage Tanks, Site 10)

Lower Subase, Site 10

Building 29 (Power Plant
Oil Tanks, Site 11)

Lower Subase, Site 11
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Report
Applicable Zones

Area Investigated Associated

NSB-NLON Site

Media

Investigated

Number of

Analytical

Samples

Analytical

Parameters

Summary of Findings Historical

Recommendations

Final Site Investigation
Subsurface Oil
Contamination - Lower
Subase Naval
Submarine Base - New
London, Groton,
Connecticut
Wehran Engineering
Corporation
November 1987

Zone 1 Building 29 (Power Plant
Oil Tanks, Area 1)

Lower Subase, Site 11 Soil
Oil
Groundwater

10
9
7

Oil/PCBs
(1)

Soluble constituents of
oil are present
throughout the study
area:

 Manholes and
groundwater in the
vicinity of Building 29
and 345
contaminated with
#6 and #5 fuel oil.

Additional study of oil
distribution in
Building 29 and of
electrical conduits/
manholes along
Corvina Road.

Building 107/345 (Oil
Storage Tanks, Area 2)

Lower Subase, Site 10  Manholes, soils, and
groundwater in the
vicinity of Building 79
contaminated with
#6 fuel oil. Likely
caused by old
undocumented
spills.

Mopping sludge oil or
excavation of oil-
laden soils.

Zone 4 Building 79 (Waste Oil
Pit, Area 3)

Lower Subase, Site 13  Utility trench from
Building #85 to #78
contaminated with
#6 fuel oil. Leak
suspected in #6 fuel
line within trench.

Inspection of the #6
fuel oil line and
cleaning of trench.

Hydrogeologic
Investigation
Underground Storage
Tanks OT-4, OT-7,
OT-8, OT-9, and 54-H
U.S. Naval Submarine
Base New London
Groton, Connecticut
Fuss & O'Neill, Inc.
September 1989

Zone 1 Lower Subase,
Tank 54-H

Lower Subase, Site 10 Groundwater 4 Volatile
organics,
Petroleum Scan
(Coast Guard
Method)

 Impacts have
occurred as a result
of petroleum
handling at the site.

 No. 2 fuel oil found
in groundwater
monitoring wells.

 Volatile organics
found in groundwater
monitoring wells.

With data available,
cannot determine if
tanks or the
associated piping
and appurtenances
are leaking.
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Area Investigated Associated

NSB-NLON Site
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Investigated
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Analytical

Samples

Analytical

Parameters

Summary of Findings Historical

Recommendations

Multi-media Inspection,
Naval Submarine Base-
New London, Groton,
Connecticut
USEPA, Region I,
August 8, 1991

Various Zones Various locations for
Clean Water Action
inspection

Lower Subase Sediment
Surface Water

Industrial/
Sanitary
Discharge

3
1

3

Unknown
Oil/Grease

VOC
(2)

, Metals

Certain accessible
sampling locations and
flow measurement
devices will be
necessary to comply
with future self
monitoring requirements.

To be provided.

Various locations for
TSCA

(3)
inspection

Lower Subase None NA NA Various PCB spills and
storage problems.

Correct problems.

Various locations for
RCRA

(4)
inspection

Lower Subase None NA NA Various deficiencies in
container storage area,
inspections,
documentation, waste
manifests, contingency
plan, and spill
prevention, control, and
counter measures.

Correct problems.
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Applicable Zones

Area Investigated Associated

NSB-NLON Site
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Investigated
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Analytical

Samples

Analytical

Parameters

Summary of Findings Historical

Recommendations

Phase I Remedial
Investigation Naval
Submarine Base New
London
Atlantic Environmental
Services, Inc.
August 1992

Zone 4 Lower Subase, Site 13 Lower Subase, Site 13 Soil

Groundwater

17

24

TCL
(5)

VOC
TAL
Metals/CN(6)

TCLP
(7)

Metals
TPH(3)

Fluorescence

TCL VOC
TAL
Metals/CN(6)

TPH(8)

Fluorescence
pH

Nature and Extent of
Contamination
 Groundwater slightly

exceeds drinking
water standards.

 No oil releases along
Thames River.

 Groundwater near
Building 29 had high
pH.

 Former onsite oil pit
in Building 79 is
source of subsurface
soil contamination.

 Elevated lead levels
detected in soil but
not in groundwater.

 Subsurface free
product detected in
previous studies is
no longer present.

 Low levels of
Thallium detected in
two monitoring wells.

Human Health Risk
Assessment
 Negligible risks

calculated for
several exposure
pathways.

Proceed to a
Feasibility Study with
additional data
requirements.

Action Memorandum
for Building 31
Naval Submarine
Base - New London
Groton, Connecticut
Halliburton NUS
Corporation
May, 1993

Zone 3 Building 31 Lower Subase, Site 17 Subsurface
Soil

Surface Soil

Groundwater

101
28
9
5

4

20

pH, Lead
TCLP Lead
Metals
Organics

Lead

Metals

 Soil at the site
contaminated
primarily with metals.

 Other contaminants
include PAHs,
phthalate esters,
chlorinated
phenolics and
pesticides.

Excavation, onsite
solidification, and
offsite solidification
of soil contaminated
with lead.
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Applicable Zones

Area Investigated Associated

NSB-NLON Site

Media

Investigated

Number of

Analytical

Samples

Analytical

Parameters

Summary of Findings Historical

Recommendations

Remedial Design for
Building 31
Naval Submarine
Base - New London
Groton, Connecticut
Halliburton NUS
Corporation
May, 1993

Zone 3 Building 31 Lower Subase, Site 17 Design Report Design for removal
actions documented.

Proceed to removal
action.

Environmental
Assessment for Pier 17
Replacement,
Naval Submarine Base
New London, Groton
Connecticut,
Prepared for:
Department of the
Navy, Commander-In-
Chief, U.S. Atlantic
Fleet, Norfolk, Virginia,
Prepared by: Maguire
Group Inc.
September 1994

Zone 7 Pier 15
Pier 17

Thames River Sediment

Surface Water

Fish and
Benthic
Species

24

3

5

Metals, PAHs

Elutriate Test

Toxicity test and
Taxonomy study

 Higher
concentrations of
metals and PAHs

(9)

in upper sediment
strata than lower
strata.

 Pesticides and PCBs
detected in low
levels in upper
sediment strata.

 Mercury and nickel
exceeded marine
USEPA water quality
criteria.

The proposed action
will have short-term
effects on Thames
River water quality,
no effects on
navigation, and
minimal effects on
fish and benthic
species.

Post-Removal Action
Report for Building 31
Lead Remediation
Naval Submarine Base
- New London
Groton, Connecticut
Halliburton NUS
Corporation
January, 1995

Zone 3 Building 31 Lower Subase, Site 17 Excavated Soil

Solidified Soil

Wipe Samples

57

54

27

Total Lead

TCLP Lead

Total Lead

The final sample results
showed that the walls of
the excavation were no
longer contaminated or
the excavation reached
the mean low tide
elevation (maximum
excavation depth).
Albacore Road could not
be completely excavated
due to operational
concerns of the Base.
The sampled concrete
surfaces were either not
contaminated or were
adequately
decontaminated.

No further excavation
was required for
most areas of site.
Navy to defer
continued
remediation at
Albacore Road.
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Final Site Inspection
Report
Pier 33 and Berth
16/Former Incinerator
Installation Restoration
Study
Naval Submarine Base
- New London
Groton, Connecticut
Atlantic Environmental
Services, Inc.
February, 1995

Zones 5 and 7 Pier 33 and Berth 16/
Former Incinerator

Portions of the Pier 33
Study Areas are
located near Lower
Subase Site 22

Berth 16 is not located
in the formal
boundaries of the
Lower Subase site
used in the RI,
however, Berth 16 is
proximate to Site 13

Soil
Sediment
Groundwater

43
4
9

TAL/TCL
Parameters
TPH
TCLP Metals
Dioxin

 VOCs
concentrations
detected in the soils
are not considered
to be significant.

 Elevated
concentrations of
TPH were detected.

 No significant
concentrations of
pesticides or PCBs
were detected.

 Groundwater quality
at the site is
generally good and
does not exceed
ARARs

(10)
except for

lead in one well.
 Dioxin was detected

in one location.

Remedial
Investigation is
recommended for
both Pier 33 and
Berth 16.

Background Soil
Investigation
Naval Submarine Base
- New London
Groton, Connecticut
Atlantic Environmental
Services, Inc.
April, 1995

N/A Undisturbed Areas of
NSB-NLON

None Soil 18 TCL VOC
TCL SVOC

(11)

TCL Pest/PCB
TAL Metals
Cyanide
Boron

 All site-derived
background levels
are within the ranges
published by the
USGS

(12)
for

background levels
for the eastern
United States.

 Based on the
organic compounds
detected, it is
concluded that all
samples locations
are representative of
native background
conditions.

Background levels of
inorganics were
established to screen
site analytical data to
identify areas where
releases of pollutants
may have occurred.
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Site Characterization
Report for OT-10,
Building 325, and
Building 89
Naval Submarine Base
- New London
Groton, Connecticut
Halliburton NUS
Corporation
April 1995

Zone 1 Building 89, Tank Z01 Site is not located in
the formal boundaries
of the Lower Subase
site used in the RI;
however, Building 89 is
proximate to the Lower
Subase site

Soil 3
1

BTEX
(13)

, TPH
Lead, TPH,
Volatile
Aromatics

Analytical results
indicate soils in the
vicinity of tank Z01 have
detected contaminants
below state cleanup
levels.
Groundwater has been
impacted by a petroleum
related source.

Due to the possibility
of the groundwater
contamination
originating from
another source, and
because the Lower
Subase is being
investigated as part
of the RI, no further
action is
recommended.

Preliminary
Assessment, Draft
Final
PA-13-025A-ENV
Supplement to Initial
Assessment Study
NEESA 13-025, Naval
Facilities Engineering
Service Center,
Naval Submarine Base
New London
Groton, Connecticut
April, 1995

Zone 7 Transformer at
Building 157, Vault 31

Lower Subase, Zone 7 Visual
Investigation
and Research
of Site History

Oil on concrete pad
surface, potential for
PCBs.

No further action
under the cleanup
recommended under
the spill contingency
plan.

N/A Hazardous Waste
Accumulation Areas

Various No evidence of releases
found.

No further action.

Removal Site
Evaluation for Quay
Wall for Naval
Submarine Base
New London
Halliburton NUS
Corporation
May 1995

Zone 4 Quay Wall Lower Subase Soil 5 BTEX
TCLP Metals
TCL VOC
TCLP VOC
TCL SVOC
Total PCB
TAL Metals
Cyanide
TPH

 Lead and arsenic
detected above
CTDEP regulatory
standard.

 VOC, SVOC, and
pesticides below
regulatory CTDEP
standards.

 No PCBs detected.
 TPH detected in all

soils but not in
exceedance of
CTDEP standards.

No further removal
actions are
recommended but
further study needed.
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Final Environmental
Impact Statement for
Seawolf Class
Submarine
Homeporting on East
Coast of the United
States, Prepared for:
Department of the Navy
Commander-In-Chief,
U.S. Atlantic Fleet,
Norfolk, Virginia.
Prepared by: Maguire
Group Inc. August 1995

Zones 1 and 2 Pier 8
Pier 10

Thames River Sediment

Fish and
Benthic
Species

27

10

Metals
PAHs
PCBs
Pesticides

Toxicity

 Sediments to be
dredged are similar
to previously
dredged material.

 Sediments in the
channel tend to be
cleaner than those
near the pier areas.

Sediments to be
dredged are not toxic
to bottom dwellers.
Channel sediments
near the subase
piers could cause
accumulation of
organic contaminants
in tissues of benthic
organisms.

Site Investigation
Report for Tank Farm
Investigation
Naval Submarine Base
- New London
Groton, Connecticut
Brown & Root
Environmental
September, 1997

Zones 1, 2, 3, and 4 Tank Farm The Investigation of the
pipelines from the Tank
Farm include a portion
of the Lower Subase
Site

Soil 29 TPH Petroleum hydrocarbons
found in soil along the
fuel pipeline in the Lower
Subase Area.

Further assess
pipelines under the
upcoming Lower
Subase RI.

Leak Testing
Investigation for Fuel
Oil Distribution System
Naval Submarine Base
New London
Groton, Connecticut
Heitkamp
April, 1996

Zones 1, 2, 3, and 4 Lower Subase Pressure testing of
various fuel oil
distribution lines within
the Lower Subase Site

One section of fuel line
in the vicinity of Pier 12
failed the test. Two
valves in the diesel fuel
lines in the vicinity of
Building 332 do not seal
tightly.

Replacement of the
two valves and
section of fuel line.

Annual NPDES Storm-
Water Monitoring
Program
October, 1996

Zones 1, 4, 5, and 6 Lower Subase Building 85, Building 89
and Between Zones 5
and 6 (NOVA)

Stormwater 3 pH, DO
(14)

,
Solids
Oil/Grease
Inorganics
Coliform
Zinc, Copper,
Lead
Toxicity

Stipulated annual
monitoring in

accordance
with General Stormwater
Permit.
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LOWER SUBASE

NSB-NLON, GROTON, CONNECTICUT

PAGE 9 OF 15

Report
Applicable Zones

Area Investigated Associated

NSB-NLON Site

Media

Investigated

Number of

Analytical

Samples

Analytical

Parameters

Summary of Findings Historical

Recommendations

Phase II Remedial
Investigation for
Naval Submarine Base
- New London
Groton, Connecticut
Brown & Root
Environmental
March, 1997

Zones 1, 2, 3, and 4 Lower Subase Lower Subase Soil

Groundwater

22
23

2

52

2

Lead
TPH, TCLP
Metals
TCLP VOC,
SVOC
TCLP Herb/Pest

TCL VOC
TCL SVOC
TAL Metals
TAL Metals
(dis.)
TPH
Eng.
Parameters

 It appears that the
Lower Subase may
have impacted the
Thames River due to
elevated
contamination in the
sediment adjacent to
the Lower Subase.

 Elevated human
health risks for
Construction Worker
in Zones 1 and 2
(non-carcinogenic).

 It is unlikely that the
Lower Subase
represents a risk to
ecological receptors.

Further
characterization of
the Lower Subase
should be performed.

Thames River Sediment

Surface Water

Biota

2
18

16
15

6
11
25

TCL VOC
TCL SVOC
TCL Pest
TCL PCBs
TAL Metals
Taxonomy
Engr. Char.
TCL VOC
TCL SVOC
TCL Pest
TCL PCBs
TAL Metals
TAL Metals
(dis.)
TCL VOC
TCL SVOC
TCL Pest
TCL PCBs
TAL Metals

 Nature and extent of
contamination in
surface water and
sediment of Thames
River is not
indicative of releases
from NSB-NLON
except possibly the
Lower Subase.

 Carcinogenic risks
associated with
ingestion of
finfish/shellfish.

 Thames River
presents minimal
risks to potential
ecological receptors.

Perform additional
characterization of
the Thames River in
the vicinity of the
Lower Subase.
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Report
Applicable Zones

Area Investigated Associated

NSB-NLON Site

Media

Investigated

Number of

Analytical

Samples

Analytical

Parameters

Summary of Findings Historical

Recommendations

Existing Data Summary
Report for Lower
Subase Remedial
Investigation
Naval Submarine Base
New London,
Groton, Connecticut
Brown & Root
Environmental
March, 1997

All Zones Lower Subase Thames River Evaluate
adequacy of
existing data

 Activities and
contamination at the
Lower Subase have
impacted the
Thames River but
have minimal impact
on the groundwater.

 USTs and leaking
fuel lines result in
potential
contaminant sources
throughout the
Lower Subase.

Perform additional
characterization of
the Thames River in
the vicinity of the
Lower Subase. Also
identify and remove
and monitor sources
of contamination in
the Lower Subase.
Identify and repair
fuel line leaks.
Perform additional
characterization at all
contaminant zones in
the Lower Subase.

Lower Subase
Remedial Investigation
Naval Submarine Base
New London, Groton,
Connecticut
Tetra Tech, 1999

All Zones Lower Subase All Zones and the
Thames River

Soil

Groundwater

Sediment

Surface Water

106
10
45
20
9

56
53
7

21

14
1

40

SVOCs
VOCs
TAL Metals
SPLP Lead
Lead
TPH
SVOCs
VOCs
TAL Metals
TPH
Miscellaneous
SVOCs
TAL Metals
AVS/SEM
Miscellaneous
AVS
Pesticides/PCBs
Diss oxygen
pH
Redox potential
Salinity
Specific conduct
Temperature
Turbidity

 Activities at the
Lower Subase have
impacted soil,
groundwater, and
sediment.

 Surface water in
Thames River near
the Lower Subase
does not appear to
differ significantly
from upstream and
downstream
locations.

Further evaluation of
Zones 1 through 7
soil and groundwater
and Zones 1, 2, 3, 5,
and 6 in a Feasibility
Study was
recommended. A
data gap
investigation was
recommended for
sediment in Zones 4
and 7. This data
should be combined
with the results of
this RI to determine
risk in Zones 4 and 7
sediment and the
appropriate remedial
alternatives should
be evaluated in a
Feasibility Study.
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Report
Applicable Zones

Area Investigated Associated

NSB-NLON Site

Media

Investigated

Number of

Analytical

Samples

Analytical

Parameters

Summary of Findings Historical

Recommendations

Pier 1 Marine Railway
Investigation Naval
Submarine Base New
London, Groton,
Connecticut
SAIC, 2000

Pier 1 area Pier 1 Lower Subase Sediment 7 Metals
PAHs
PCBs
Pesticides

 Concentrations of
PCBs, metals, and
PAHs in sediment
exceeded
benchmark value.

 Chemical
concentrations in
Pier 1 decreased
from north to south
away from the new
building location.

N/A

Thames River Rapid
Sediment
Characterization Pilot
Study Report Naval
Submarine Base New
London, Groton,
Connecticut
Battelle, 2003

Zones 4 and 7 Thames River Lower Subase Sediment
(rapid analysis)

Sediment (lab
analysis)

12

4

PCBs
Metals
PAHs
PCBs
Metals
PAHs

 Elevated levels of
chemical
constituents
remained in the
dredged area
footprint within Zone
7.

Develop DQOs and a
screening level
ecological risk
assessment.

Watershed
Contaminated Source
Document for Lower
Portion of the Thames
River, Naval Submarine
Base New London,
Groton, Connecticut
Tetra Tech, 2007

All Zones Thames River Lower Subase Sediment None None  PAHs, PCBs,
pesticides, and
metals are present in
the sediment
upstream and
downstream of the
Lower Subase.

 Numerous potential
sources were
identified from the
Lower Subase, but
their contribution
amount was not
established as to
their impact on
sediments.

Selection of cleanup
goals for sediment
should consider
background
concentrations.
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Report
Applicable Zones

Area Investigated Associated

NSB-NLON Site

Media

Investigated

Number of

Analytical

Samples

Analytical

Parameters

Summary of Findings Historical

Recommendations

Thames River
Validation Study Naval
Submarine Base New
London, Groton,
Connecticut
Battelle, 2008

Zones 4 and 7 and
Inner/Outer Pier 1

Thames River and
Reference Area

Lower Subase Sediment

Fish Tissue

49

18

10

PCBs
Metals
PAHs
Pesticides
Toxicity
bioassays
Metals

 Sediment in Zone 4,
poses low level risks
to piscivorous birds.

 Sediment in Zone 4
and Outer Pier 1
poses unacceptable
risk to invertebrates.

 Risks from sediment
in Zone 7 are
acceptable.

 Fish tissue results
did not differ
considerable
between the
reference area and
Pier 1 fish.

 Evaluate
sediment in Zone
4 and Outer Pier
1 in an FS.

 Sediment in
Inner Pier 1 will
be evaluated in
an EE/CA.

 Sediment in
Zone 7 will not
be evaluated
further.

Thames River
Sediment Sampling at
Zone 4, Pier 1, and
Outer Pier 1, Naval
Submarine Base New
London, Groton,
Connecticut
Tetra Tech, 2009

Zone 4 and Pier 1 Thames River Lower Subase Sediment 52 PCBs
Metals
PAHs
Pesticides

 Sediment in Zone 4
and Pier 1 exceeds
ERM-Q and PCB
PRGs.

 Average ERM-Q and
PCB concentrations
increase with depth,
which indicates
clean sediment
deposition is
occurring.

Review PRGs and
determine if they are
appropriate.
Determine if
additional sampling
is necessary to
delineate
vertical/horizontal
extent. Reevaluate
remedial
technologies. After
issues are resolved,
finalize the FS.
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Report
Applicable Zones

Area Investigated Associated

NSB-NLON Site

Media

Investigated

Number of

Analytical

Samples

Analytical

Parameters

Summary of Findings Historical

Recommendations

Engineering
Evaluation/Cost
Analysis and Action
Memorandum for Inner
and Outer Pier 1, Naval
Submarine Base New
London, Groton,
Connecticut
Tetra Tech, 2009

Inner and Outer Pier 1 Thames River Lower Subase Sediment None None None Removal action
boundaries were
established for
contaminated
sediment in Inner
and Outer Pier 1 (the
whole of Inner Pier 1
and a portion of
Outer Pier 1). A
small area of
contamination in the
vicinity of Outer Pier
1 at sample location
TRP1-SD-005 will be
addressed in the
Feasibility Study.

Draft Non-Time Critical
Removal Action
Completion Report for
Sediment Removal at
Pier 1 Inner and Outer
Areas, , Naval
Submarine Base New
London, Groton,
Connecticut
Tetra Tech, 2010

Inner and Outer Pier 1 Thames River Lower Subase Sediment 12
Confirmation
samples (2
in Inner Area
and 10 in
Outer Area)

PCBs
Pesticides
Metals
PAHs

 Completed Phase I
of the non-time
critical removal
action, which
dredged a majority
of the contaminated
sediment from Pier 1
Inner Area and
removed all
contaminated
sediment from the
Outer Area (except
the area that was
included in the FS)
through mechanical
dredging (long-reach
excavator and clam
shell).

 Structures
encountered
prevented the
removal of all
sediment from the
Inner Area.

Confirmation
samples collected
from the Inner Pier 1
Area confirmed
some contaminated
sediment remained.
The Navy
determined that a
second phase would
be needed to remove
all contaminated
sediment from Inner
Pier 1 (using
hydraulic dredging).
Only remaining
contaminated
sediment in Outer
Pier 1 was evaluated
in FS and FS
Addendum.
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Report
Applicable Zones

Area Investigated Associated

NSB-NLON Site

Media

Investigated

Number of

Analytical

Samples

Analytical

Parameters

Summary of Findings Historical

Recommendations

Feasibility Study for
Operable Unit 4, Lower
Subase, Naval
Submarine Base New
London, Groton,
Connecticut
Tetra Tech, 2010

All Zones Thames River Lower Subase None None None None Volumes of
contaminated soil,
sediment, and
groundwater were
calculated and
remedial alternatives
evaluated for Zones
1 through 7 and the
Thames River.
Additional data
needs to be collected
that may impact the
findings of the FS.

Final Removal Action
Design for Pier 1 Inner
Area, Naval Submarine
Base New London,
Groton, Connecticut
Tetra Tech, 2011

AND

Draft Work Plan for Pier
1 Sediment Removal
Action Phase 2 New
London, Groton,
Connecticut
AGVIQ/CH2MHill, 2011

Inner and Outer Pier 1 Thames River Lower Subase Sediment None None None Design and work
plan for the second
phase of the non-
time critical removal
action in Inner Pier 1
(removing remaining
contaminated
sediment using
hydraulic dredging).
A contingency
measure for removal
of additional Outer
Pier 1 sediment was
also included
because sediment
may have migrated
from Inner to Outer
Pier 1. Once
completed, all
contaminated
sediment will be
removed from the
Pier 1 area, except
for the Outer Pier 1
area evaluated in the
FS and FS
Addendum.
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Report
Applicable Zones

Area Investigated Associated

NSB-NLON Site

Media

Investigated

Number of

Analytical

Samples

Analytical

Parameters

Summary of Findings Historical

Recommendations

Lower Subase
(Operable Unit 4) Soil
and Groundwater Pre-
Design Investigation
Completion Report and
Feasibility Study
Addendum, Naval
Submarine Base New
London, Groton,
Connecticut
Tetra Tech, 2011

All Zones (soil), Zones 1,
4, 5, and 7
(groundwater)

Lower Subase Lower Subase Soil

Groundwater

57
47
30
35
18
19
10
10

30

ETPH
PAHs
Lead
SPLP Lead
Antimony
SPLP Antimony
Total Chromium
Hexavalent
Chromium
Total and
Dissolved As,
Cu, Pb

 Groundwater is not a
concern in any zone
and soil in Zones 2,
5, and 6 is not a
concern.

 Soil in Zones 1, 3, 4,
and 7 is a concern.

Risk assessment,
volume calculations,
and remedial
alternatives were
updated in the FS
Addendum and
replace those shown
in the FS.

NA: Not Applicable
PCBs: Polychlorinated biphenyls
VOC: Volatile organic compounds
TSCA: Toxic Substances Control Act
RCRA: Resource Conservation and Recovery Act
TCL: Target Compound List
TAL: Target Analyte List
CN: Cyanide
TCLP: Toxicity Characteristic Leaching Procedure
TPH: Total Petroleum Hydrocarbons
PAHs: Polycyclic aromatic hydrocarbons
ARARs: Applicable Relevant or Appropriate Requirements
SVOC: Semivolatile organic compounds
USGS: United States Geological Survey
BTEX: Benzene, Toluene, Ethylbenzene, Xylene
DO: Dissolved oxygen
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TABLE F.1.1.RME

EXPOSURE POINT CONCENTRATION SUMMARY

REASONABLE MAXIMUM EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Surface Soil

Exposure Medium: Surface Soil

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Zone 1 Benzo(a)anthracene mg/kg 0.944 5.12 (G) 4.1 5.12 mg/kg 95% Adjusted Gamma UCL ProUCL 4.00.05

Benzo(a)pyrene mg/kg 1.10 8.06 (L) 5.5 8.06 mg/kg 99% Chebyshev (Mean, Sd) UCL ProUCL 4.00.05

Benzo(b)fluoranthene mg/kg 1.47 10.5 (L) 7 10.5 mg/kg 99% Chebyshev (Mean, Sd) UCL ProUCL 4.00.05

Benzo(k)fluoranthene mg/kg 0.630 4.63 (L) 3.2 4.63 mg/kg 99% Chebyshev (Mean, Sd) UCL ProUCL 4.00.05

Dibenzo(a,h)anthracene mg/kg 0.252 0.86 (G) 1 0.86 mg/kg 95% Adjusted Gamma UCL ProUCL 4.00.05

Indeno(1,2,3-cd)pyrene mg/kg 0.712 4.92 (NP) 3.1 4.92 mg/kg 99% Chebyshev (Mean, Sd) UCL ProUCL 4.00.05

G = Gamma

N = Normal

NP = Non-parametric

Exposure point concentrations for the RME scenarios are also the exposure point concentrations for the CTE scenarios.

12/16/2011



TABLE F.1.2.RME

EXPOSURE POINT CONCENTRATION SUMMARY

REASONABLE MAXIMUM EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Surface/Subsurface Soil

Exposure Medium: Surface/Subsurface Soil

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Zone 1 Benzo(a)anthracene mg/kg 1.61 9.03 (L) 21 9.03 mg/kg 99% KM (Chebyshev) UCL ProUCL 4.00.05

Benzo(a)pyrene mg/kg 1.54 7.81 (L) 17 7.81 mg/kg 99% KM (Chebyshev) UCL ProUCL 4.00.05

Benzo(b)fluoranthene mg/kg 1.65 7.93 (NP) 17 7.93 mg/kg 99% KM (Chebyshev) UCL ProUCL 4.00.05

Benzo(k)fluoranthene mg/kg 0.728 4.18 (NP) 11 J 4.18 mg/kg 99% KM (Chebyshev) UCL ProUCL 4.00.05

Chrysene mg/kg 1.53 8.15 (L) 19 8.15 mg/kg 99% KM (Chebyshev) UCL ProUCL 4.00.05

Dibenzo(a,h)anthracene mg/kg 0.411 2.06 (L) 5.2 2.06 mg/kg 99% KM (Chebyshev) UCL ProUCL 4.00.05

Indeno(1,2,3-cd)pyrene mg/kg 1.14 5.67 (NP) 12 5.67 mg/kg 99% KM (Chebyshev) UCL ProUCL 4.00.05

Arsenic mg/kg 2.33 6.56 (G) 12.3 6.56 mg/kg    95% KM (Chebyshev) UCL ProUCL 4.00.05

Manganese (Soil) mg/kg 128 151 (N) 228 151 mg/kg 95% Student's-t UCL ProUCL 4.00.05

Mercury mg/kg 7.03 88.0 (L) 83.4 J 88 mg/kg 99% KM (Chebyshev) UCL ProUCL 4.00.05

G = Gamma

N = Normal

NP = Non-parametric

Exposure point concentrations for the RME scenarios are also the exposure point concentrations for the CTE scenarios.

12/16/2011



TABLE F.1.3.RME

EXPOSURE POINT CONCENTRATION SUMMARY

REASONABLE MAXIMUM EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Groundwater

Exposure Medium: Groundwater

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Zone 1 1,1-Dichloroethane ug/L 2.13 (1) 4.00 4.00 ug/L Maximum Detected Concentration (2)

Benzene ug/L 1.65 (1) 2.83 2.83 ug/L Maximum Detected Concentration (2)

Ethylbenzene ug/L 2.22 4.5 (N) 8 8.00 ug/L Maximum Detected Concentration (2)

Total Xylenes ug/L 3.68 9.9 (N) 24.5 24.5 ug/L Maximum Detected Concentration (2)

2-Methylnaphthalene ug/L 4.38 8.1 (N) 25.0 25.0 ug/L Maximum Detected Concentration (2)

1,2,4-Trichlorobenzene ug/L 5.15 (1) 0.7 0.7 ug/L Maximum Detected Concentration (2)

Bis(2-ethylhexyl)phthalate ug/L 3.00 4.5 (N) 3.00 3.00 ug/L Maximum Detected Concentration (2)

Naphthalene ug/L 4.21 7.7 (NP) 21.3 21.3 ug/L Maximum Detected Concentration (2)

Antimony ug/L 3.26 (1) 6.87 6.60 ug/L Maximum Detected Concentration (2)

Arsenic ug/L 0.79 1.02 (N) 1.35 1.35 ug/L Maximum Detected Concentration (2)

Boron ug/L 208 917 (N) 1220 1220 ug/L Maximum Detected Concentration (2)

Cadmium ug/L 1.08 2.6 (N) 9.93 9.93 ug/L Maximum Detected Concentration (2)

Chromium ug/L 2.97 4.5 (N) 10.5 10.5 ug/L Maximum Detected Concentration (2)

Lead ug/L 2.13 3.81 (G) 7.3 2.83 ug/L Arithmetic Mean Concentration (3)

Manganese ug/L 279 499 (G) 1574 1574 ug/L Maximum Detected Concentration (2)

Selenium ug/L 1.53 2.6 (N) 8.61 8.61 ug/L Maximum Detected Concentration (2)

Thallium ug/L 1.66 2.28 (G) 5.40 5.40 ug/L Maximum Detected Concentration (2)

Vanadium ug/L 25.1 179 (L) 252 252 ug/L Maximum Detected Concentration (2)

G - Gamma distribution.

L - Lognormal distribution.

N - Normal distribution.

NP - Nonparametric distribution.

J - Estimated value.

1 - Insufficient number of distinct values to calculate statistics.

2 - The maximum detected concentration is used as the exposure point concentration for groundwater.

3 - Mean concentration is used as exposure point concentration for evaluating exposures to lead. 

     U.S. EPA, 1994:Guidance Manual for the Integrated Exposure Uptake Biokinetic Model for lead in Children.

Exposure point concentrations for the RME scenarios are also the exposure point concentrations for the CTE scenarios.

12/16/2011



TABLE F.1.3.CTE

EXPOSURE POINT CONCENTRATION SUMMARY

CENTRAL TENDENCY EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Groundwater

Exposure Medium: Groundwater

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Zone 1 1,1-Dichloroethane ug/L 2.13 (1) 4.00 2.83 ug/L Arithmetic Mean (2)

Benzene ug/L 1.65 (1) 2.83 1.65 ug/L Arithmetic Mean (2)

Ethylbenzene ug/L 2.22 4.5 (N) 8 2.22 ug/L Arithmetic Mean (2)

Total Xylenes ug/L 3.68 9.9 (N) 24.5 3.68 ug/L Arithmetic Mean (2)

2-Methylnaphthalene ug/L 4.38 8.1 (N) 25.0 4.38 ug/L Arithmetic Mean (2)

1,2,4-Trichlorobenzene ug/L 5.15 (1) 0.7 5.15 ug/L Arithmetic Mean (2)

Bis(2-ethylhexyl)phthalate ug/L 3.00 4.5 (N) 3.00 3.00 ug/L Arithmetic Mean (2)

Naphthalene ug/L 4.21 7.7 (NP) 21.3 4.21 ug/L Arithmetic Mean (2)

Antimony ug/L 3.26 (1) 6.87 3.26 ug/L Arithmetic Mean (2)

Arsenic ug/L 0.79 1.02 (N) 1.35 0.79 ug/L Arithmetic Mean (2)

Boron ug/L 208 917 (N) 1220 208 ug/L Arithmetic Mean (2)

Cadmium (Water) ug/L 1.08 2.6 (N) 9.93 1.08 ug/L Arithmetic Mean (2)

Chromium ug/L 2.97 4.5 (N) 10.5 2.97 ug/L Arithmetic Mean (2)

Lead ug/L 2.13 3.81 (G) 7.3 2.83 ug/L Arithmetic Mean (2)

Manganese (Water) ug/L 279 499 (G) 1574 279 ug/L Arithmetic Mean (2)

Selenium ug/L 1.53 2.6 (N) 8.61 1.53 ug/L Arithmetic Mean (2)

Thallium ug/L 1.66 2.28 (G) 5.40 1.66 ug/L Arithmetic Mean (2)

Vanadium ug/L 25.1 179 (L) 252 25.1 ug/L Arithmetic Mean (2)

G - Gamma distribution.

L - Lognormal distribution.

N - Normal distribution.

NP - Nonparametric distribution.

J - Estimated value.

1 - Insufficient number of distinct values to calculate statistics.

2 - The average concentration is used as the exposure point concentration for groundwater.

12/16/2011



TABLE F.1.4

NON-CANCER TOXICITY DATA -- ORAL/DERMAL

NSB-NLON, GROTON, CONNECTICUT

Chemical Chronic/ Oral RfD Oral Absorption Absorbed RfD for Dermal
(2)

Primary Combined RfD:Target Organ(s)

of  Potential Subchronic Efficiency Target Uncertainty/Modifying

Concern Value Units for Dermal
(1)

Value Units Organ(s) Factors Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

1,1-Dichloroethane Chronic 2.0E-01 mg/kg/day 1 2.0E-01 mg/kg/day Liver NA PPRTV 9/27/2006

Benzene Chronic 4.0E-03 mg/kg/day 1 4.0E-03 mg/kg/day Blood 300/1 IRIS 2/1/2011

Ethylbenzene Chronic 1.0E-01 mg/kg/day 1 1.0E-01 mg/kg/day Liver, Kidney 1000/1 IRIS 2/1/2011

Total Xylenes Chronic 2.0E-01 mg/kg/day 1 2.0E-01 mg/kg/day Body Weight 1000/1 IRIS 2/1/2011

Semivolatile Organic Compounds

1,2,4-Trichlorobenzene Chronic 1.0E-02 mg/kg/day 1 1.0E-02 mg/kg/day Adrenals 1000/1 IRIS 2/1/2011

2-Methylnaphthalene Chronic 4.0E-03 mg/kg/day 1 4.0E-03 mg/kg/day Lungs 1000/1 IRIS 2/1/2011

Benzo(a)anthracene NA NA NA 1 NA NA NA NA NA NA

Benzo(a)pyrene NA NA NA 1 NA NA NA NA NA NA

Benzo(b)fluoranthene NA NA NA 1 NA NA NA NA NA NA

Benzo(k)fluoranthene NA NA NA 1 NA NA NA NA NA NA

Bis(2-ethylhexyl)phthalate Chronic 2.0E-02 mg/kg/day 1 2.0E-02 mg/kg/day Liver 1000/1 IRIS 2/1/2011

Chrysene NA NA NA 1 NA NA NA NA NA NA

Dibenzo(a,h)anthracene NA NA NA 1 NA NA NA NA NA NA

Indeno(1,2,3-cd)pyrene NA NA NA 1 NA NA NA NA NA NA

Naphthalene Chronic 2.0E-02 mg/kg/day 1 2.0E-02 mg/kg/day Body Weight 3000/1 IRIS 2/1/2011

Inorganics

Antimony Chronic 4.0E-04 mg/kg/day 0.15 6.0E-05 mg/kg/day Blood 1000/1 IRIS 2/1/2011

Arsenic Chronic 3.0E-04 mg/kg/day 1 3.0E-04 mg/kg/day Skin, CVS 3/1 IRIS 2/1/2011

Boron Chronic 2.0E-01 mg/kg/day 1 2.0E-01 mg/kg/day Developmental, Lungs 66 IRIS 2/1/2011

Cadmium (soil) Chronic 1.0E-03 mg/kg/day 0.025 2.5E-05 mg/kg/day Kidney 10/1 IRIS 2/1/2011

Cadmium (water) Chronic 5.0E-04 mg/kg/day 0.05 2.5E-05 mg/kg/day Kidney 10/1 IRIS 2/1/2011

Trivalent Chromium Chronic 1.5E+00 mg/kg/day 0.013 2.0E-02 mg/kg/day None Reported 100/10 IRIS 2/1/2011

Hexavalent Chromium Chronic 3.0E-03 mg/kg/day 0.025 7.5E-05 mg/kg/day None Reported 300/3 IRIS 2/1/2011

Lead NA NA NA 1 NA NA NA NA NA NA

Manganese (soil) Chronic 1.4E-01 mg/kg/day 1 1.4E-01 mg/kg/day CNS 1/1 IRIS 2/1/2011

Manganese (water) Chronic 2.4E-02 mg/kg/day 0.04 9.6E-04 mg/kg/day CNS 1/3 IRIS 2/1/2011

Mercury
(3)

Chronic 3.0E-04 mg/kg/day 0.07 2.1E-05 mg/kg/day Autoimmune 1000/1 IRIS 2/1/2011

Selenium Chronic 5.0E-03 mg/kg/day 1 5.0E-03 mg/kg/day Hair Loss, CNS, Skin 3/1 IRIS 2/1/2011

Thallium NA NA NA 1 NA NA NA NA NA NA

Vanadium Chronic 5.0E-03 mg/kg/day 1 5.0E-03 mg/kg/day Kidney 300 IRIS
(4)

2/1/2011

Notes: Definitions:

1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for CNS = Central Nervous System

        Dermal Risk Assessment) Interim. EPA/540/R/99/005. CVS = Cardiovascular system

2 -  Adjusted dermal RfD = Oral RfD x Oral Absorption Efficiency for Dermal. GS = Gastrointestinal

3 - Values are for mercuric chloride. IRIS = Integrated Risk Information System

4 - Value from IRIS adjusted as presented in the U.S. EPA Regional Screening Level Table (May 2010). NA = Not Available

PPRTV = Provisional Peer Reviewed Toxicity Value
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TABLE F.1.5

NON-CANCER TOXICITY DATA -- INHALATION

NSB-NLON, GROTON, CONNECTICUT

Chemical Chronic/ Inhalation RfC Extrapolated RfD
(1)

Primary Combined RfC : Target Organ(s)

of  Potential Subchronic Target Uncertainty/Modifying

Concern Value Units Value Units Organ(s) Factors Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

1,1-Dichloroethane NA NA NA NA NA NA NA NA NA

Benzene Chronic 3.0E-02 mg/m
3

8.6E-03 (mg/kg/day) Blood 300/1 IRIS 2/1/2011

Ethylbenzene Chronic 1.0E+00 mg/m
3

2.9E-01 (mg/kg/day) Developmental 300/1 IRIS 2/1/2011

Total Xylenes Chronic 1.0E-01 mg/m
3

2.9E-02 (mg/kg/day) CNS 300/1 IRIS 2/1/2011

Semivolatile Organic Compounds

1,2,4-Trichlorobenzene Chronic 2.0E-03 mg/m
3

5.7E-04 (mg/kg/day) NA NA PPRTV 6/17/2009

2-Methylnaphthalene NA NA NA NA NA NA NA NA NA

Benzo(a)anthracene NA NA NA NA NA NA NA NA NA

Benzo(a)pyrene NA NA NA NA NA NA NA NA NA

Benzo(b)fluoranthene NA NA NA NA NA NA NA NA NA

Benzo(k)fluoranthene NA NA NA NA NA NA NA NA NA

Bis(2-ethylhexyl)phthalate NA NA NA NA NA NA NA NA NA

Chrysene NA NA NA NA NA NA NA NA NA

Dibenzo(a,h)anthracene NA NA NA NA NA NA NA NA NA

Indeno(1,2,3-cd)pyrene NA NA NA NA NA NA NA NA NA

Naphthalene Chronic 3.0E-03 mg/m
3

8.6E-04 (mg/kg/day) Nasal 3000/1 IRIS 2/1/2011

Inorganics

Antimony NA NA NA NA NA NA NA NA NA

Arsenic Chronic 1.5E-05 mg/m
3

4.3E-06 (mg/kg/day) NA NA Cal EPA 9/2009

Boron Chronic 2.0E-02 mg/m
3

5.7E-03 (mg/kg/day) Lungs 100 HEAST 7/1997

Cadmium Chronic 1.0E-05 mg/m
3

2.9E-06 (mg/kg/day) Kidney NA ATSDR 9/2008

Trivalent Chromium Chronic NA NA NA NA NA NA NA NA

Hexavalent Chromium Chronic 1.0E-04 mg/m
3

2.9E-05 (mg/kg/day) Lungs 300/1 IRIS 2/1/2011

Lead NA NA NA NA NA NA NA NA NA

Manganese Chronic 5.0E-05 mg/m
3

1.4E-05 (mg/kg/day) CNS 1000/1 IRIS 2/1/2011

Mercury Chronic 3.0E-05 mg/m
3

8.6E-06 (mg/kg/day) CNS NA Cal EPA 12/2008

Selenium Chronic 2.0E-02 mg/m
3

5.7E-03 (mg/kg/day) NA NA Cal EPA 9/2009

Thallium NA NA NA NA NA NA NA NA NA

Vanadium NA NA NA NA NA NA NA NA NA

Notes: Definitions:

1  - Extrapolated RfD = RfC *20m
3
/day / 70 kg ATSDR = Agency for Toxic Substances and Disease Registry

Cal EPA = California Environmental Protection Agency

CNS = Central Nervous System

HEAST= Health Effects Assessment Summary Tables

IRIS = Integrated Risk Information System

NA = Not Applicable
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TABLE F.1.6

CANCER TOXICITY DATA -- ORAL/DERMAL

NSB-NLON, GROTON, CONNECTICUT

Chemical Oral Cancer Slope Factor Oral Absorption Absorbed Cancer Slope Factor Weight of Evidence/ Oral CSF

of Potential  Efficiency for Dermal
(2) Cancer Guideline  

Concern Value Units for Dermal
(1)

Value Units Description Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

1,1-Dichloroethane 5.7E-03 (mg/kg/day)
-1

1 5.7E-03 (mg/kg/day)
-1

C Cal EPA 9/2009

Benzene 5.5E-02 (mg/kg/day)
-1

1 5.5E-02 (mg/kg/day)
-1

A IRIS 2/1/2011

Ethylbenzene 1.1E-02 (mg/kg/day)
-1

1 1.1E-02 (mg/kg/day)
-1

D Cal EPA 11/2007

Total Xylenes NA NA 1 NA NA NA NA NA

Semivolatile Organic Compounds

1,2,4-Trichlorobenzene 2.9E-02 (mg/kg/day)
-1

1 2.9E-02 (mg/kg/day)
-1

D PPRTV 6/17/2009

2-Methylnaphthalene NA NA 1 NA NA NA NA NA

Benzo(a)anthracene
(3)

7.3E-01 (mg/kg/day)
-1

1 7.3E-01 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Benzo(a)pyrene
(3)

7.3E+00 (mg/kg/day)
-1

1 7.3E+00 (mg/kg/day)
-1

B2 IRIS 2/1/2011

Benzo(b)fluoranthene
(3)

7.3E-01 (mg/kg/day)
-1

1 7.3E-01 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Benzo(k)fluoranthene
(3)

7.3E-02 (mg/kg/day)
-1

1 7.3E-02 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Bis(2-ethylhexyl)phthalate 1.4E-02 (mg/kg/day)
-1

1 1.4E-02 (mg/kg/day)
-1

B2 IRIS 2/1/2011

Chrysene
(3)

7.3E-03 (mg/kg/day)
-1

1 7.3E-03 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Dibenzo(a,h)anthracene
(3)

7.3E+00 (mg/kg/day)
-1

1 7.3E+00 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Indeno(1,2,3-cd)pyrene
(3)

7.3E-01 (mg/kg/day)
-1

1 7.3E-01 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Naphthalene NA NA 1 NA NA C IRIS 2/1/2011

Inorganics

Antimony NA NA 0.15 NA NA NA NA NA

Arsenic 1.5E+00 (mg/kg/day)
-1

1 1.5E+00 (mg/kg/day)
-1

A IRIS 2/1/2011

Boron NA NA 1 NA NA NA NA NA

Cadmium NA NA 0.05 NA NA B1 IRIS 2/1/2011

Trivalent Chromium NA NA 0.013 NA NA D IRIS 2/1/2011

Hexavalent Chromium 5.0E-01 (mg/kg/day)
-1

0.025 2.0E+01 (mg/kg/day)
-1

D NJDEP 4/2009

Lead NA NA 1 NA NA B2 IRIS 2/1/2011

Manganese NA NA 0.04 NA NA D IRIS 2/1/2011

Mercury NA NA 0.07 NA NA D IRIS 2/1/2011

Selenium NA NA 1 NA NA D NA NA

Thallium NA NA 1 NA NA NA IRIS 2/1/2011

Vanadium NA NA 1 NA NA NA NA NA
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TABLE F.1.6

CANCER TOXICITY DATA -- ORAL/DERMAL

NSB-NLON, GROTON, CONNECTICUT

Notes:

1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Interim. EPA/540/R/99/005.

2 -  Adjusted cancer slope factor for dermal = Oral cancer slope factor / Oral Absorption Efficiency for Dermal.

3 - The carcinogenic PAHs are considered to act via the mutagenic mode of action.  These chemicals are evaluated in accordance with USEPA's Supplemental Guidance for Assessing 

      Susceptibility from Early-Life Exposure to Carcinogens (2005).

Definitions:

USEPA(1) = U.S. EPA,  Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons, July 1993, EPA/600/R-93/089.

Cal EPA = California Environmental Protection Agency.

IRIS = Integrated Risk Information System.

NA = Not Available.

EPA Group:

     A - Human carcinogen.

     B1 - Probable human carcinogen - indicates that limited human data are available.

     B2 - Probable human carcinogen - indicates sufficient evidence in animals and inadequate or no evidence in humans .

     C - Possible human carcinogen.

     D - Not classifiable as a human carcinogen.
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TABLE F.1.7

CANCER TOXICITY DATA -- INHALATION

NSB-NLON, GROTON, CONNECTICUT

Chemical Unit Risk Inhalation Cancer Weight of Evidence/ Unit Risk : Inhalation CSF

of Potential Slope Factor
(1)

Cancer Guideline  

Concern Value Units Value Units Description Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

1,1-Dichloroethane 1.6E-06 (ug/m
3
)
-1

5.6E-03 (mg/kg/day)
-1

C Cal EPA 9/2009

Benzene 7.8E-06 (ug/m
3
)
-1

2.7E-02 (mg/kg/day)
-1

A IRIS 2/1/2011

Ethylbenzene 2.5E-06 (ug/m
3
)
-1

8.8E-03 (mg/kg/day)
-1

D Cal EPA 11/2007

Total Xylenes NA NA NA NA NA NA NA

Semivolatile Organic Compounds

1,2,4-Trichlorobenzene NA NA NA NA NA NA NA

2-Methylnaphthalene NA NA NA NA NA NA NA

Benzo(a)anthracene
(2)

1.1E-04 (ug/m
3
)
-1

3.9E-01 (mg/kg/day)
-1

NA Cal EPA 9/2009

Benzo(a)pyrene
(2)

1.1E-03 (ug/m
3
)
-1

3.9E+00 (mg/kg/day)
-1

NA Cal EPA 9/2009

Benzo(b)fluoranthene
(2)

1.1E-04 (ug/m
3
)
-1

3.9E-01 (mg/kg/day)
-1

NA Cal EPA 9/2009

Benzo(k)fluoranthene
(2)

1.1E-04 (ug/m
3
)
-1

3.9E-01 (mg/kg/day)
-1

NA Cal EPA 9/2009

Bis(2-ethylhexyl)phthalate 2.4E-06 (ug/m
3
)
-1

8.4E-03 (mg/kg/day)
-1

NA Cal EPA 9/2009

Chrysene
(2)

1.1E-05 (ug/m
3
)
-1

3.9E-02 (mg/kg/day)
-1

NA Cal EPA 9/2009

Dibenzo(a,h)anthracene
(2)

1.2E-03 (ug/m
3
)
-1

4.2E+00 (mg/kg/day)
-1

NA Cal EPA 9/2009

Indeno(1,2,3-cd)pyrene
(2)

1.1E-04 (ug/m
3
)
-1

3.9E-01 (mg/kg/day)
-1

NA Cal EPA 9/2009

Naphthalene 3.4E-05 (ug/m
3
)
-1

1.2E-01 (mg/kg/day)
-1

C Cal EPA 8/2004

Inorganics

Antimony NA NA NA NA NA NA NA

Arsenic 4.3E-03 (ug/m
3
)
-1

1.5E+01 (mg/kg/day)
-1

A IRIS 2/1/2011

Boron NA NA NA NA NA NA NA

Cadmium 1.8E-03 (ug/m
3
)
-1

6.3E+00 (mg/kg/day)
-1

B1 IRIS 2/1/2011

Trivalent Chromium NA NA NA NA D IRIS 2/1/2011

Hexavalent Chromium 8.4E-02 (ug/m
3
)
-1

2.9E+02 (mg/kg/day)
-1

A IRIS 2/1/2011

Lead NA NA NA NA B2 IRIS 2/1/2011

Manganese NA NA NA NA D IRIS 2/1/2011

Mercury NA NA NA NA D IRIS 2/1/2011

Selenium NA NA NA NA D IRIS 2/1/2011

Thallium NA NA NA NA NA IRIS 2/1/2011
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TABLE F.1.7

CANCER TOXICITY DATA -- INHALATION

NSB-NLON, GROTON, CONNECTICUT

Chemical Unit Risk Inhalation Cancer Weight of Evidence/ Unit Risk : Inhalation CSF

of Potential Slope Factor
(1)

Cancer Guideline  

Concern Value Units Value Units Description Source(s) Date(s)

(MM/DD/YYYY)

Inorganics (Contnued)

Vanadium NA NA NA NA NA NA NA

Notes:

1 - Inhalation CSF = Unit Risk * 70 kg / 20m
3
/day.

2 - The carcinogenic PAHs are considered to act via the mutagenic mode of action.  These chemicals are evaluated in accordance with USEPA's Supplemental Guidance

       for Assessing Susceptibility from Early-Life Exposure to Carcinogens (2005).

Definitions:

Cal EPA = California Environmental Protection Agency.

IRIS = Integrated Risk Information System.

NA = Not Available.

EPA Group:

     A - Human carcinogen.

     B1 - Probable human carcinogen - indicates that limited human data are available.

     B2 - Probable human carcinogen - indicates sufficient evidence in animals and inadequate or no evidence in humans .

     C - Possible human carcinogen.

     D - Not classifiable as a human carcinogen.
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TABLE F.1.8.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 1 Ingestion Benzo(a)anthracene 9.03 mg/kg 2.0E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.5E-07 1.4E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 7.81 mg/kg 1.7E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 1.3E-06 1.2E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 7.93 mg/kg 1.8E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.3E-07 1.2E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.18 mg/kg 9.3E-08 (mg/kg/day) 7.3E-02 (mg/kg/day)-1 6.8E-09 6.5E-06 (mg/kg/day) NA (mg/kg/day) --

Chrysene 8.15 mg/kg 1.8E-07 (mg/kg/day) 7.3E-03 (mg/kg/day)-1 1.3E-09 1.3E-05 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 2.06 mg/kg 4.6E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 3.3E-07 3.2E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 5.67 mg/kg 1.3E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 9.2E-08 8.8E-06 (mg/kg/day) NA (mg/kg/day) --

Arsenic 6.56 mg/kg 1.5E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 2.2E-07 1.0E-05 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.03

Manganese (Soil) 151 mg/kg 3.3E-06 (mg/kg/day) NA (mg/kg/day)-1 - - 2.3E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.002

Mercury 88.0 mg/kg 1.9E-06 (mg/kg/day) NA (mg/kg/day)-1 - - 1.4E-04 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.5

Exp. Route Total 2.2E-06 0.5

Dermal Benzo(a)anthracene 9.03 mg/kg 7.8E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 5.7E-08 5.5E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 7.81 mg/kg 6.7E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 4.9E-07 4.7E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 7.93 mg/kg 6.8E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 5.0E-08 4.8E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.18 mg/kg 3.6E-08 (mg/kg/day) 7.3E-02 (mg/kg/day)-1 2.6E-09 2.5E-06 (mg/kg/day) NA (mg/kg/day) --

Chrysene 8.15 mg/kg 7.0E-08 (mg/kg/day) 7.3E-03 (mg/kg/day)-1 5.1E-10 4.9E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 2.06 mg/kg 1.8E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 1.3E-07 1.2E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 5.67 mg/kg 4.9E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 3.6E-08 3.4E-06 (mg/kg/day) NA (mg/kg/day) --

Arsenic 6.56 mg/kg 1.3E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 2.0E-08 9.2E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.003

Manganese (Soil) 151 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Mercury 88.0 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 2.1E-05 (mg/kg/day) --

Exp. Route Total 7.9E-07 0.003

Exposure Point Total 3.0E-06 0.5

Exposure Medium Total 3.0E-06 0.5

Air Zone 1 Inhalation Benzo(a)anthracene 6.6E-6 mg/m3 1.0E-08 (mg/m3) 1.1E-04 (ug/m3)-1 1.1E-09 7.2E-07 (mg/m3) NA (mg/m3) --

Benzo(a)pyrene 5.7E-6 mg/m3 8.9E-09 (mg/m3) 1.1E-03 (ug/m3)-1 9.8E-09 6.2E-07 (mg/m3) NA (mg/m3) --

Benzo(b)fluoranthene 5.8E-6 mg/m3 9.1E-09 (mg/m3) 1.1E-04 (ug/m3)-1 1.0E-09 6.3E-07 (mg/m3) NA (mg/m3) --

Benzo(k)fluoranthene 3.1E-6 mg/m3 4.8E-09 (mg/m3) 1.1E-04 (ug/m3)-1 5.3E-10 3.3E-07 (mg/m3) NA (mg/m3) --

Chrysene 5.9E-6 mg/m3 9.3E-09 (mg/m3) 1.1E-05 (ug/m3)-1 1.0E-10 6.5E-07 (mg/m3) NA (mg/m3) --

Dibenzo(a,h)anthracene 1.5E-6 mg/m3 2.4E-09 (mg/m3) 1.2E-03 (ug/m3)-1 2.8E-09 1.6E-07 (mg/m3) NA (mg/m3) --

Indeno(1,2,3-cd)pyrene 4.1E-6 mg/m3 6.5E-09 (mg/m3) 1.1E-04 (ug/m3)-1 7.1E-10 4.5E-07 (mg/m3) NA (mg/m3) --

Arsenic 4.8E-6 mg/m3 7.5E-09 (mg/m3) 4.3E-03 (ug/m3)-1 3.2E-08 5.2E-07 (mg/m3) 1.5E-05 (mg/m3) 0.03

Manganese (Soil) 1.1E-4 mg/m3 1.7E-07 (mg/m3) NA (ug/m3)-1 - - 1.2E-05 (mg/m3) 5.0E-05 (mg/m3) 0.2

Mercury 6.4E-5 mg/m3 1.0E-07 (mg/m3) NA (ug/m3)-1 - - 7.0E-06 (mg/m3) 3.0E-05 (mg/m3) 0.2

Exp. Route Total 4.8E-08 0.5

Exposure Point Total 4.8E-08 0.5

Exposure Medium Total 4.8E-08 0.5

Medium Total 3.0E-06 1.0

12/16/2011



PAGE 2 OF 2

TABLE F.1.8.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Zone 1 Dermal 1,1-Dichloroethane 4.00 ug/L 7.0E-09 (mg/kg/day) 5.7E-03 (mg/kg/day)-1 4.0E-11 4.9E-07 (mg/kg/day) 2.0E-01 (mg/kg/day) 0.000002

Benzene 2.83 ug/L 1.0E-08 (mg/kg/day) 5.5E-02 (mg/kg/day)-1 5.7E-10 7.2E-07 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.0002

Ethylbenzene 8.00 ug/L 9.5E-08 (mg/kg/day) 1.1E-02 (mg/kg/day)-1 1.0E-09 6.6E-06 (mg/kg/day) 1.0E-01 (mg/kg/day) 0.00007

Total Xylenes 24.5 ug/L 2.7E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 1.9E-05 (mg/kg/day) 2.0E-01 (mg/kg/day) 0.00010

2-Methylnaphthalene 25.0 ug/L 5.7E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 4.0E-05 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.01

1,2,4-Trichlorobenzene 0.700 ug/L 1.5E-08 (mg/kg/day) 2.9E-02 (mg/kg/day)-1 4.4E-10 1.1E-06 (mg/kg/day) 1.0E-02 (mg/kg/day) 0.0001

Bis(2-ethylhexyl)phthalate 3.00 ug/L 7.5E-08 (mg/kg/day) 1.4E-02 (mg/kg/day)-1 1.0E-09 5.2E-06 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.0003

Naphthalene 21.3 ug/L 2.6E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 1.8E-05 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.0009

Antimony 6.60 ug/L 1.5E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 1.0E-07 (mg/kg/day) 6.0E-05 (mg/kg/day) 0.002

Arsenic 1.4 ug/L 3.0E-10 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 4.5E-10 2.1E-08 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.00007

Boron 1,220 ug/L 2.7E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 1.9E-05 (mg/kg/day) 2.0E-01 (mg/kg/day) 0.00009

Cadmium 9.93 ug/L 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 2.5E-05 (mg/kg/day) --

Chromium 10.5 ug/L 4.6E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 3.3E-07 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.00002

Lead 2.83 ug/L 6.3E-10 (mg/kg/day) NA (mg/kg/day)-1 - - 4.4E-08 (mg/kg/day) NA (mg/kg/day) --

Manganese (Water) 1,574 ug/L 3.5E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 2.4E-05 (mg/kg/day) 9.6E-04 (mg/kg/day) 0.03

Selenium 8.61 ug/L 1.9E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 1.3E-07 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.00003

Thallium 5.40 ug/L 1.2E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 8.4E-08 (mg/kg/day) NA (mg/kg/day) --

Vanadium 252 ug/L 5.6E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 3.9E-06 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.0008

Exp. Route Total 3.6E-09 0.04

Exposure Point Total 3.6E-09 0.04

Exposure Medium Total 3.6E-09 0.04

Air Zone 1 Inhalation 1,1-Dichloroethane 1.5E-4 mg/m3 2.9E-08 (mg/m3) 1.6E-06 (ug/m3)-1 4.6E-11 2.0E-06 (mg/m3) NA (mg/m3) --

Benzene 1.2E-4 mg/m3 2.3E-08 (mg/m3) 7.8E-06 (ug/m3)-1 1.8E-10 1.6E-06 (mg/m3) 3.0E-02 (mg/m3) 0.00005

Ethylbenzene 2.9E-4 mg/m3 5.6E-08 (mg/m3) 2.5E-06 (ug/m3)-1 1.4E-10 3.9E-06 (mg/m3) 1.0E+00 (mg/m3) 0.000004

Total Xylenes 8.7E-4 mg/m3 1.7E-07 (mg/m3) NA (ug/m3)-1 - - 1.2E-05 (mg/m3) 1.0E-01 (mg/m3) 0.0001

2-Methylnaphthalene 7.0E-4 mg/m3 1.4E-07 (mg/m3) NA (ug/m3)-1 - - 9.6E-06 (mg/m3) NA (mg/m3) --

1,2,4-Trichlorobenzene 1.9E-5 mg/m3 3.6E-09 (mg/m3) NA (ug/m3)-1 - - 2.5E-07 (mg/m3) 2.0E-03 (mg/m3) 0.0001

Bis(2-ethylhexyl)phthalate 0.0E+0 mg/m3 0.0E+00 (mg/m3) 2.4E-06 (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Naphthalene 6.2E-4 mg/m3 1.2E-07 (mg/m3) 3.4E-05 (ug/m3)-1 4.1E-09 8.5E-06 (mg/m3) 3.0E-03 (mg/m3) 0.003

Antimony 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 0.0E+00 (mg/m3) --

Arsenic 0.0E+0 mg/m3 0.0E+00 (mg/m3) 4.3E-03 (ug/m3)-1 - - 0.0E+00 (mg/m3) 1.5E-05 (mg/m3) --

Boron 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 2.0E-02 (mg/m3) --

Cadmium 0.0E+0 mg/m3 0.0E+00 (mg/m3) 1.8E-03 (ug/m3)-1 - - 0.0E+00 (mg/m3) 1.0E-05 (mg/m3) --

Chromium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Lead 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Manganese (Water) 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Selenium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 2.0E-02 (mg/m3) --

Thallium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Vanadium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Exp. Route Total 4.5E-09 0.003

Exposure Point Total 4.5E-09 0.003

Exposure Medium Total 4.5E-09 0.003

Medium Total 8.1E-09 0.04

Total of Receptor Risks Across All Media  3.0E-06 Total of Receptor Hazards Across All Media  1.0

12/16/2011
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TABLE F.1.9.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface Soil Surface Soil Zone 1 Ingestion Benzo(a)anthracene 5.12 mg/kg 1.8E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.3E-06 5.0E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 8.06 mg/kg 2.8E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 2.1E-05 7.9E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 10.5 mg/kg 3.7E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.7E-06 1.0E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.63 mg/kg 1.6E-06 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 1.2E-07 4.5E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.860 mg/kg 3.0E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 2.2E-06 8.4E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 4.92 mg/kg 1.7E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.3E-06 4.8E-06 (mg/kg/day) NA (mg/kg/day) --

Exp. Route Total 2.8E-05 --

Dermal Benzo(a)anthracene 5.12 mg/kg 1.5E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.1E-06 4.3E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 8.06 mg/kg 2.4E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.8E-05 6.8E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 10.5 mg/kg 3.1E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.3E-06 8.8E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.63 mg/kg 1.4E-06 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 1.0E-07 3.9E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.860 mg/kg 2.6E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.9E-06 7.2E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 4.92 mg/kg 1.5E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.1E-06 4.1E-06 (mg/kg/day) NA (mg/kg/day) --

Exp. Route Total 2.4E-05 --

Exposure Point Total 5.2E-05 --

Exposure Medium Total 5.2E-05 --

Medium Total 5.2E-05 --

Total of Receptor Risks Across All Media  5.2E-05 Total of Receptor Hazards Across All Media  --

12/16/2011
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TABLE F.1.10.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 1 Ingestion Benzo(a)anthracene 9.03 mg/kg 3.2E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.3E-06 8.8E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 7.81 mg/kg 2.7E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 2.0E-05 7.6E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 7.93 mg/kg 2.8E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.0E-06 7.8E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.18 mg/kg 1.5E-06 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 1.1E-07 4.1E-06 (mg/kg/day) NA (mg/kg/day) --

Chrysene 8.15 mg/kg 2.8E-06 (mg/kg/day) 7.3E-03 (mg/kg/day)
-1 2.1E-08 8.0E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 2.06 mg/kg 7.2E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 5.3E-06 2.0E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 5.67 mg/kg 2.0E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.4E-06 5.5E-06 (mg/kg/day) NA (mg/kg/day) --

Arsenic 6.56 mg/kg 2.3E-06 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 3.4E-06 6.4E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.02

Manganese (Soil) 151 mg/kg 5.3E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.5E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.001

Mercury 88.0 mg/kg 3.1E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 8.6E-05 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.3

Exp. Route Total 3.5E-05 0.3

Dermal Benzo(a)anthracene 9.03 mg/kg 2.7E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.0E-06 7.6E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 7.81 mg/kg 2.3E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.7E-05 6.6E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 7.93 mg/kg 2.4E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.7E-06 6.7E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.18 mg/kg 1.3E-06 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 9.1E-08 3.5E-06 (mg/kg/day) NA (mg/kg/day) --

Chrysene 8.15 mg/kg 2.4E-06 (mg/kg/day) 7.3E-03 (mg/kg/day)
-1 1.8E-08 6.8E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 2.06 mg/kg 6.2E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 4.5E-06 1.7E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 5.67 mg/kg 1.7E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.2E-06 4.8E-06 (mg/kg/day) NA (mg/kg/day) --

Arsenic 6.56 mg/kg 4.5E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 6.8E-07 1.3E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.004

Manganese (Soil) 151 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Mercury 88.0 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 2.1E-05 (mg/kg/day) --

Exp. Route Total 2.7E-05 0.004

Exposure Point Total 6.2E-05 0.3

Exposure Medium Total 6.2E-05 0.3

Medium Total 6.2E-05 0.3

Total of Receptor Risks Across All Media  6.2E-05 Total of Receptor Hazards Across All Media  0.3

12/16/2011
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TABLE F.1.11.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 1 Ingestion Benzo(a)anthracene 9.03 mg/kg 5.3E-05 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.9E-05 1.2E-04 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 7.81 mg/kg 4.6E-05 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.3E-04 1.0E-04 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 7.93 mg/kg 4.6E-05 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.4E-05 1.0E-04 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.18 mg/kg 2.4E-05 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 1.8E-06 5.3E-05 (mg/kg/day) NA (mg/kg/day) --

Chrysene 8.15 mg/kg 4.8E-05 (mg/kg/day) 7.3E-03 (mg/kg/day)
-1 3.5E-07 1.0E-04 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 2.06 mg/kg 1.2E-05 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 8.8E-05 2.6E-05 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 5.67 mg/kg 3.3E-05 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.4E-05 7.2E-05 (mg/kg/day) NA (mg/kg/day) --

Arsenic 6.56 mg/kg 7.2E-06 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.1E-05 8.4E-05 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.3

Manganese (Soil) 151 mg/kg 1.7E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.9E-03 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.01

Mercury 88.0 mg/kg 9.6E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.1E-03 (mg/kg/day) 3.0E-04 (mg/kg/day) 3.8

Exp. Route Total 5.3E-04 4.0

Dermal Benzo(a)anthracene 9.03 mg/kg 1.9E-05 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.4E-05 4.2E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 7.81 mg/kg 1.7E-05 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.2E-04 3.6E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 7.93 mg/kg 1.7E-05 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.2E-05 3.7E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.18 mg/kg 8.9E-06 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 6.5E-07 1.9E-05 (mg/kg/day) NA (mg/kg/day) --

Chrysene 8.15 mg/kg 1.7E-05 (mg/kg/day) 7.3E-03 (mg/kg/day)
-1 1.3E-07 3.8E-05 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 2.06 mg/kg 4.4E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.2E-05 9.6E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 5.67 mg/kg 1.2E-05 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 8.8E-06 2.6E-05 (mg/kg/day) NA (mg/kg/day) --

Arsenic 6.56 mg/kg 6.0E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 9.1E-07 7.0E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.02

Manganese (Soil) 151 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Mercury 88.0 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 2.1E-05 (mg/kg/day) --

Exp. Route Total 1.9E-04 0.02

Exposure Point Total 7.2E-04 4.1

Exposure Medium Total 7.2E-04 4.1

Medium Total 7.2E-04 4.1

Total of Receptor Risks Across All Media  7.2E-04 Total of Receptor Hazards Across All Media  4.1

12/16/2011
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TABLE F.1.12.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 1 Ingestion Benzo(a)anthracene 9.03 mg/kg 7.8E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.7E-06 1.2E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 7.81 mg/kg 6.7E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 4.9E-05 1.1E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 7.93 mg/kg 6.8E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.0E-06 1.1E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.18 mg/kg 3.6E-06 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 2.6E-07 5.7E-06 (mg/kg/day) NA (mg/kg/day) --

Chrysene 8.15 mg/kg 7.0E-06 (mg/kg/day) 7.3E-03 (mg/kg/day)
-1 5.1E-08 1.1E-05 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 2.06 mg/kg 1.8E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.3E-05 2.8E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 5.67 mg/kg 4.9E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.6E-06 7.8E-06 (mg/kg/day) NA (mg/kg/day) --

Arsenic 6.56 mg/kg 3.1E-06 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 4.6E-06 9.0E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.03

Manganese (Soil) 151 mg/kg 7.1E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.1E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.001

Mercury 88.0 mg/kg 4.1E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.2E-04 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.4

Exp. Route Total 8.1E-05 0.4

Dermal Benzo(a)anthracene 9.03 mg/kg 4.0E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.9E-06 6.4E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 7.81 mg/kg 3.5E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 2.5E-05 5.5E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 7.93 mg/kg 3.5E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.6E-06 5.6E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.18 mg/kg 1.9E-06 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 1.4E-07 3.0E-06 (mg/kg/day) NA (mg/kg/day) --

Chrysene 8.15 mg/kg 3.6E-06 (mg/kg/day) 7.3E-03 (mg/kg/day)
-1 2.7E-08 5.8E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 2.06 mg/kg 9.2E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 6.7E-06 1.5E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 5.67 mg/kg 2.5E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.8E-06 4.0E-06 (mg/kg/day) NA (mg/kg/day) --

Arsenic 6.56 mg/kg 3.7E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 5.5E-07 1.1E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.004

Manganese (Soil) 151 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Mercury 88.0 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 2.1E-05 (mg/kg/day) --

Exp. Route Total 4.0E-05 0.004

Exposure Point Total 1.2E-04 0.4

Exposure Medium Total 1.2E-04 0.4

Medium Total 1.2E-04 0.4

Total of Receptor Risks Across All Media  1.2E-04 Total of Receptor Hazards Across All Media  0.4
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TABLE F.1.8.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 1 Ingestion Benzo(a)anthracene 9.03 mg/kg 6.7E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 4.9E-08 4.7E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 7.81 mg/kg 5.8E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 4.2E-07 4.0E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 7.93 mg/kg 5.9E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 4.3E-08 4.1E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.18 mg/kg 3.1E-08 (mg/kg/day) 7.3E-02 (mg/kg/day)-1 2.3E-09 2.2E-06 (mg/kg/day) NA (mg/kg/day) --

Chrysene 8.15 mg/kg 6.0E-08 (mg/kg/day) 7.3E-03 (mg/kg/day)-1 4.4E-10 4.2E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 2.06 mg/kg 1.5E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 1.1E-07 1.1E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 5.67 mg/kg 4.2E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 3.1E-08 2.9E-06 (mg/kg/day) NA (mg/kg/day) --

Arsenic 6.56 mg/kg 4.8E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 7.3E-08 3.4E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.01

Manganese (Soil) 151 mg/kg 1.1E-06 (mg/kg/day) NA (mg/kg/day)-1 - - 7.8E-05 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.0006

Mercury 88.0 mg/kg 6.5E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 4.5E-05 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.2

Exp. Route Total 7.3E-07 0.2

Dermal Benzo(a)anthracene 9.03 mg/kg 1.7E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.3E-08 1.2E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 7.81 mg/kg 1.5E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 1.1E-07 1.0E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 7.93 mg/kg 1.5E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.1E-08 1.1E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.18 mg/kg 8.0E-09 (mg/kg/day) 7.3E-02 (mg/kg/day)-1 5.9E-10 5.6E-07 (mg/kg/day) NA (mg/kg/day) --

Chrysene 8.15 mg/kg 1.6E-08 (mg/kg/day) 7.3E-03 (mg/kg/day)-1 1.1E-10 1.1E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 2.06 mg/kg 4.0E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 2.9E-08 2.8E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 5.67 mg/kg 1.1E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 7.9E-09 7.6E-07 (mg/kg/day) NA (mg/kg/day) --

Arsenic 6.56 mg/kg 2.9E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 4.4E-09 2.0E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0007

Manganese (Soil) 151 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Mercury 88.0 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 2.1E-05 (mg/kg/day) --

Exp. Route Total 1.8E-07 0.0007

Exposure Point Total 9.0E-07 0.2

Exposure Medium Total 9.0E-07 0.2

Air Zone 1 Inhalation Benzo(a)anthracene 6.6E-6 mg/m3 6.9E-09 (mg/m3) 1.1E-04 (ug/m3)-1 7.6E-10 4.8E-07 (mg/m3) NA (mg/m3) --

Benzo(a)pyrene 5.7E-6 mg/m3 5.9E-09 (mg/m3) 1.1E-03 (ug/m3)-1 6.5E-09 4.2E-07 (mg/m3) NA (mg/m3) --

Benzo(b)fluoranthene 5.8E-6 mg/m3 6.0E-09 (mg/m3) 1.1E-04 (ug/m3)-1 6.6E-10 4.2E-07 (mg/m3) NA (mg/m3) --

Benzo(k)fluoranthene 3.1E-6 mg/m3 3.2E-09 (mg/m3) 1.1E-04 (ug/m3)-1 3.5E-10 2.2E-07 (mg/m3) NA (mg/m3) --

Chrysene 5.9E-6 mg/m3 6.2E-09 (mg/m3) 1.1E-05 (ug/m3)-1 6.8E-11 4.3E-07 (mg/m3) NA (mg/m3) --

Dibenzo(a,h)anthracene 1.5E-6 mg/m3 1.6E-09 (mg/m3) 1.2E-03 (ug/m3)-1 1.9E-09 1.1E-07 (mg/m3) NA (mg/m3) --

Indeno(1,2,3-cd)pyrene 4.1E-6 mg/m3 4.3E-09 (mg/m3) 1.1E-04 (ug/m3)-1 4.8E-10 3.0E-07 (mg/m3) NA (mg/m3) --

Arsenic 4.8E-6 mg/m3 5.0E-09 (mg/m3) 4.3E-03 (ug/m3)-1 2.1E-08 3.5E-07 (mg/m3) 1.5E-05 (mg/m3) 0.02

Manganese (Soil) 1.1E-4 mg/m3 1.2E-07 (mg/m3) NA (ug/m3)-1 - - 8.1E-06 (mg/m3) 5.0E-05 (mg/m3) 0.2

Mercury 6.4E-5 mg/m3 6.7E-08 (mg/m3) NA (ug/m3)-1 - - 4.7E-06 (mg/m3) 3.0E-05 (mg/m3) 0.2

Exp. Route Total 3.2E-08 0.3

Exposure Point Total 3.2E-08 0.3

Exposure Medium Total 3.2E-08 0.3

Medium Total 9.4E-07 0.5
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TABLE F.1.8.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Zone 1 Dermal 1,1-Dichloroethane 2.83 ug/L 1.4E-09 (mg/kg/day) 5.7E-03 (mg/kg/day)-1 8.2E-12 1.0E-07 (mg/kg/day) 2.0E-01 (mg/kg/day) 0.0000005

Benzene 1.65 ug/L 1.7E-09 (mg/kg/day) 5.5E-02 (mg/kg/day)-1 9.4E-11 1.2E-07 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.00003

Ethylbenzene 2.22 ug/L 8.1E-09 (mg/kg/day) 1.1E-02 (mg/kg/day)-1 8.9E-11 5.7E-07 (mg/kg/day) 1.0E-01 (mg/kg/day) 0.000006

Total Xylenes 3.7 ug/L 1.3E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 8.8E-07 (mg/kg/day) 2.0E-01 (mg/kg/day) 0.000004

2-Methylnaphthalene 4.4 ug/L 3.5E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 2.4E-06 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.0006

1,2,4-Trichlorobenzene 5.150 ug/L 3.9E-08 (mg/kg/day) 2.9E-02 (mg/kg/day)-1 1.1E-09 2.7E-06 (mg/kg/day) 1.0E-02 (mg/kg/day) 0.0003

Bis(2-ethylhexyl)phthalate 3.00 ug/L 2.6E-08 (mg/kg/day) 1.4E-02 (mg/kg/day)-1 3.7E-10 1.9E-06 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.00009

Naphthalene 4.2 ug/L 1.6E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 1.1E-06 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.00006

Antimony 3.26 ug/L 1.8E-10 (mg/kg/day) NA (mg/kg/day)-1 - - 1.3E-08 (mg/kg/day) 6.0E-05 (mg/kg/day) 0.0002

Arsenic 0.8 ug/L 4.4E-11 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 6.6E-11 3.1E-09 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.00001

Boron 208 ug/L 1.2E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 8.1E-07 (mg/kg/day) 2.0E-01 (mg/kg/day) 0.000004

Cadmium 1.08 ug/L 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 2.5E-05 (mg/kg/day) --

Chromium 3.0 ug/L 3.3E-10 (mg/kg/day) NA (mg/kg/day)-1 - - 2.3E-08 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.000001

Lead 2.83 ug/L 1.6E-10 (mg/kg/day) NA (mg/kg/day)-1 - - 1.1E-08 (mg/kg/day) NA (mg/kg/day) --

Manganese (Water) 279 ug/L 1.5E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 1.1E-06 (mg/kg/day) 9.6E-04 (mg/kg/day) 0.001

Selenium 1.53 ug/L 8.5E-11 (mg/kg/day) NA (mg/kg/day)-1 - - 5.9E-09 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.000001

Thallium 1.66 ug/L 9.2E-11 (mg/kg/day) NA (mg/kg/day)-1 - - 6.4E-09 (mg/kg/day) NA (mg/kg/day) --

Vanadium 25 ug/L 1.4E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 9.7E-08 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.00002

Exp. Route Total 1.8E-09 0.002

Exposure Point Total 1.8E-09 0.002

Exposure Medium Total 1.8E-09 0.002

Air Zone 1 Inhalation 1,1-Dichloroethane 1.0E-4 mg/m3 5.1E-09 (mg/m3) 1.6E-06 (ug/m3)-1 8.2E-12 3.6E-07 (mg/m3) NA (mg/m3) --

Benzene 6.8E-5 mg/m3 3.3E-09 (mg/m3) 7.8E-06 (ug/m3)-1 2.6E-11 2.3E-07 (mg/m3) 3.0E-02 (mg/m3) 0.000008

Ethylbenzene 7.9E-5 mg/m3 3.9E-09 (mg/m3) 2.5E-06 (ug/m3)-1 9.7E-12 2.7E-07 (mg/m3) 1.0E+00 (mg/m3) 0.0000003

Total Xylenes 1.3E-4 mg/m3 6.4E-09 (mg/m3) NA (ug/m3)-1 - - 4.5E-07 (mg/m3) 1.0E-01 (mg/m3) 0.000004

2-Methylnaphthalene 1.2E-4 mg/m3 6.0E-09 (mg/m3) NA (ug/m3)-1 - - 4.2E-07 (mg/m3) NA (mg/m3) --

1,2,4-Trichlorobenzene 1.4E-4 mg/m3 6.7E-09 (mg/m3) NA (ug/m3)-1 - - 4.7E-07 (mg/m3) 2.0E-03 (mg/m3) 0.0002

Bis(2-ethylhexyl)phthalate 0.0E+0 mg/m3 0.0E+00 (mg/m3) 2.4E-06 (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Naphthalene 1.2E-4 mg/m3 6.0E-09 (mg/m3) 3.4E-05 (ug/m3)-1 2.0E-10 4.2E-07 (mg/m3) 3.0E-03 (mg/m3) 0.0001

Antimony 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 0.0E+00 (mg/m3) --

Arsenic 0.0E+0 mg/m3 0.0E+00 (mg/m3) 4.3E-03 (ug/m3)-1 - - 0.0E+00 (mg/m3) 1.5E-05 (mg/m3) --

Boron 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 2.0E-02 (mg/m3) --

Cadmium 0.0E+0 mg/m3 0.0E+00 (mg/m3) 1.8E-03 (ug/m3)-1 - - 0.0E+00 (mg/m3) 1.0E-05 (mg/m3) --

Chromium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Lead 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Manganese (Water) 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Selenium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 2.0E-02 (mg/m3) --

Thallium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Vanadium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Exp. Route Total 2.5E-10 0.0004

Exposure Point Total 2.5E-10 0.0004

Exposure Medium Total 2.5E-10 0.0004

Medium Total 2.0E-09 0.003

Total of Receptor Risks Across All Media  9.4E-07 Total of Receptor Hazards Across All Media  0.5
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TABLE F.1.9.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface Soil Surface Soil Zone 1 Ingestion Benzo(a)anthracene 5.12 mg/kg 2.8E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.1E-07 2.2E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 8.06 mg/kg 4.4E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.2E-06 3.5E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 10.5 mg/kg 5.8E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 4.2E-07 4.5E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.63 mg/kg 2.6E-07 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 1.9E-08 2.0E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.860 mg/kg 4.7E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.5E-07 3.7E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 4.92 mg/kg 2.7E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.0E-07 2.1E-06 (mg/kg/day) NA (mg/kg/day) --

Exp. Route Total 4.4E-06 --

Dermal Benzo(a)anthracene 5.12 mg/kg 4.8E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.5E-08 3.8E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 8.06 mg/kg 7.6E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 5.6E-07 5.9E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 10.5 mg/kg 9.9E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 7.2E-08 7.7E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.63 mg/kg 4.4E-08 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 3.2E-09 3.4E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.860 mg/kg 8.1E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 5.9E-08 6.3E-08 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 4.92 mg/kg 4.7E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.4E-08 3.6E-07 (mg/kg/day) NA (mg/kg/day) --

Exp. Route Total 7.6E-07 --

Exposure Point Total 5.2E-06 --

Exposure Medium Total 5.2E-06 --

Medium Total 5.2E-06 --

Total of Receptor Risks Across All Media  5.2E-06 Total of Receptor Hazards Across All Media  --
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TABLE F.1.10.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 1 Ingestion Benzo(a)anthracene 9.03 mg/kg 5.0E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.6E-07 3.9E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 7.81 mg/kg 4.3E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.1E-06 3.3E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 7.93 mg/kg 4.4E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.2E-07 3.4E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.18 mg/kg 2.3E-07 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 1.7E-08 1.8E-06 (mg/kg/day) NA (mg/kg/day) --

Chrysene 8.15 mg/kg 4.5E-07 (mg/kg/day) 7.3E-03 (mg/kg/day)
-1 3.3E-09 3.5E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 2.06 mg/kg 1.1E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 8.3E-07 8.8E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 5.67 mg/kg 3.1E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.3E-07 2.4E-06 (mg/kg/day) NA (mg/kg/day) --

Arsenic 6.56 mg/kg 3.6E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 5.4E-07 2.8E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.009

Manganese (Soil) 151 mg/kg 8.3E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 6.5E-05 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.0005

Mercury 88.0 mg/kg 4.8E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 3.8E-05 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.1

Exp. Route Total 5.4E-06 0.1

Dermal Benzo(a)anthracene 9.03 mg/kg 8.5E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 6.2E-08 6.6E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 7.81 mg/kg 7.4E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 5.4E-07 5.7E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 7.93 mg/kg 7.5E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.5E-08 5.8E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.18 mg/kg 4.0E-08 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 2.9E-09 3.1E-07 (mg/kg/day) NA (mg/kg/day) --

Chrysene 8.15 mg/kg 7.7E-08 (mg/kg/day) 7.3E-03 (mg/kg/day)
-1 5.6E-10 6.0E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 2.06 mg/kg 1.9E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.4E-07 1.5E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 5.67 mg/kg 5.4E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.9E-08 4.2E-07 (mg/kg/day) NA (mg/kg/day) --

Arsenic 6.56 mg/kg 1.4E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 2.1E-08 1.1E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0004

Manganese (Soil) 151 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Mercury 88.0 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 2.1E-05 (mg/kg/day) --

Exp. Route Total 8.6E-07 0.0004

Exposure Point Total 6.3E-06 0.1

Exposure Medium Total 6.3E-06 0.1

Medium Total 6.3E-06 0.1

Total of Receptor Risks Across All Media  6.3E-06 Total of Receptor Hazards Across All Media  0.1

12/16/2011
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TABLE F.1.11.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 1 Ingestion Benzo(a)anthracene 9.03 mg/kg 1.1E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 8.0E-07 3.9E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 7.81 mg/kg 9.5E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 7.0E-06 3.3E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 7.93 mg/kg 9.7E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 7.1E-07 3.4E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.18 mg/kg 5.1E-07 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 3.7E-08 1.8E-05 (mg/kg/day) NA (mg/kg/day) --

Chrysene 8.15 mg/kg 1.0E-06 (mg/kg/day) 7.3E-03 (mg/kg/day)
-1 7.3E-09 3.5E-05 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 2.06 mg/kg 2.5E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.8E-06 8.8E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 5.67 mg/kg 6.9E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.1E-07 2.4E-05 (mg/kg/day) NA (mg/kg/day) --

Arsenic 6.56 mg/kg 8.0E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.2E-06 2.8E-05 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.09

Manganese (Soil) 151 mg/kg 1.8E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 6.5E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.005

Mercury 88.0 mg/kg 1.1E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 3.8E-04 (mg/kg/day) 3.0E-04 (mg/kg/day) 1.3

Exp. Route Total 1.2E-05 1.4

Dermal Benzo(a)anthracene 9.03 mg/kg 1.6E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.2E-07 5.6E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 7.81 mg/kg 1.4E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.0E-06 4.9E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 7.93 mg/kg 1.4E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.0E-07 4.9E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.18 mg/kg 7.4E-08 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 5.4E-09 2.6E-06 (mg/kg/day) NA (mg/kg/day) --

Chrysene 8.15 mg/kg 1.4E-07 (mg/kg/day) 7.3E-03 (mg/kg/day)
-1 1.1E-09 5.1E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 2.06 mg/kg 3.7E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 2.7E-07 1.3E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 5.67 mg/kg 1.0E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 7.4E-08 3.5E-06 (mg/kg/day) NA (mg/kg/day) --

Arsenic 6.56 mg/kg 2.7E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 4.0E-08 9.4E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.003

Manganese (Soil) 151 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Mercury 88.0 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 2.1E-05 (mg/kg/day) --

Exp. Route Total 1.6E-06 0.003

Exposure Point Total 1.4E-05 1.4

Exposure Medium Total 1.4E-05 1.4

Medium Total 1.4E-05 1.4

Total of Receptor Risks Across All Media  1.4E-05 Total of Receptor Hazards Across All Media  1.4

12/16/2011
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TABLE F.1.12.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 1 Ingestion Benzo(a)anthracene 9.03 mg/kg 4.1E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.0E-07 4.1E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 7.81 mg/kg 3.6E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 2.6E-06 3.6E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 7.93 mg/kg 3.6E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.7E-07 3.6E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.18 mg/kg 1.9E-07 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 1.4E-08 1.9E-06 (mg/kg/day) NA (mg/kg/day) --

Chrysene 8.15 mg/kg 3.7E-07 (mg/kg/day) 7.3E-03 (mg/kg/day)
-1 2.7E-09 3.7E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 2.06 mg/kg 9.4E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 6.9E-07 9.4E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 5.67 mg/kg 2.6E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.9E-07 2.6E-06 (mg/kg/day) NA (mg/kg/day) --

Arsenic 6.56 mg/kg 3.0E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 4.5E-07 3.0E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.01

Manganese (Soil) 151 mg/kg 6.9E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 6.9E-05 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.0005

Mercury 88.0 mg/kg 4.0E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 4.0E-05 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.1

Exp. Route Total 4.5E-06 0.1

Dermal Benzo(a)anthracene 9.03 mg/kg 6.1E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 4.5E-08 6.1E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 7.81 mg/kg 5.3E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.9E-07 5.3E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 7.93 mg/kg 5.4E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.9E-08 5.4E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 4.18 mg/kg 2.8E-08 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 2.1E-09 2.8E-07 (mg/kg/day) NA (mg/kg/day) --

Chrysene 8.15 mg/kg 5.5E-08 (mg/kg/day) 7.3E-03 (mg/kg/day)
-1 4.0E-10 5.5E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 2.06 mg/kg 1.4E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.0E-07 1.4E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 5.67 mg/kg 3.8E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.8E-08 3.8E-07 (mg/kg/day) NA (mg/kg/day) --

Arsenic 6.56 mg/kg 1.0E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.5E-08 1.0E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0003

Manganese (Soil) 151 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Mercury 88.0 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 2.1E-05 (mg/kg/day) --

Exp. Route Total 6.2E-07 0.0003

Exposure Point Total 5.1E-06 0.1

Exposure Medium Total 5.1E-06 0.1

Medium Total 5.1E-06 0.1

Total of Receptor Risks Across All Media  5.1E-06 Total of Receptor Hazards Across All Media  0.1

12/16/2011



DATA ENTRY SHEET

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)

YES

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION (enter "X" in "YES" box and initial groundwater conc. below)

YES X

ENTER ENTER
Initial

Chemical groundwater
CAS No. conc.,

(numbers only, CW

no dashes) (µg/L) Chemical

71432 3.00E+00 Benzene

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Depth Totals must add up to value of LWT (cell G28) Soil

MORE Average below grade Thickness Thickness stratum A User-defined
� soil/ to bottom Depth Thickness of soil of soil Soil SCS stratum A

groundwater of enclosed below grade of soil stratum B, stratum C, stratum SCS soil type soil vapor
temperature, space floor, to water table, stratum A, (Enter value or 0) (Enter value or 0) directly above soil type (used to estimate OR permeability,

TS LF LWT hA hB hC water table, directly above soil vapor kv

(oC) (cm) (cm) (cm) (cm) (cm) (Enter A, B, or C) water table permeability) (cm2)

11 15 150 150 0 0 A S S

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
MORE Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C

� SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled
soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity,

ρb
A nA θw

A ρb
B nB θw

B ρb
C nC θw

C

(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)

S 1.66 0.375 0.054 S 1.66 0.375 0.054 S 1.66 0.375 0.054

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
MORE Enclosed Enclosed Enclosed Average vapor

� space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

10 40 1000 1000 244 0.1 0.25 5

MORE ENTER ENTER ENTER ENTER ENTER ENTER
� Averaging Averaging Target Target hazard

time for time for Exposure Exposure risk for quotient for
carcinogens, noncarcinogens, duration, frequency, carcinogens, noncarcinogens,

ATC ATNC ED EF TR THQ
(yrs) (yrs) (yrs) (days/yr) (unitless) (unitless)

70 30 30 350 1.0E-06 1

Used to calculate risk-based
END groundwater concentration.

GW-ADV
Version 3.1; 02/04

Reset to 
Defaults

Lookup Soil 
Parameters

Lookup Soil 
Parameters

Lookup Soil 
Parameters

Zone 1 - Benzene - Residential Page 1 of 4 12/16/2011



DATA ENTRY SHEET

Henry's Henry's Enthalpy of Organic Pure
law constant law constant vaporization at Normal carbon component Unit

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc.,

Da Dw H TR ∆Hv,b TB TC Koc S URF RfC

(cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (cm3/g) (mg/L) (µg/m3)-1 (mg/m3)

8.80E-02 9.80E-06 5.54E-03 25 7,342 353.24 562.16 5.89E+01 1.79E+03 7.8E-06 3.0E-02

END

Zone 1 - Benzene - Residential Page 2 of 4 12/16/2011



DATA ENTRY SHEET

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Total Air-filled Water-filled Floor-
Source- soil soil soil effective soil soil soil Thickness of porosity in porosity in porosity in wall

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter,

τ LT θa
A θa

B θa
C Ste ki krg kv Lcz ncz θa,cz θw,cz Xcrack

(sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm)

9.46E+08 135 0.321 0.321 0.321 0.003 9.94E-08 0.998 9.92E-08 17.05 0.375 0.122 0.253 4,000

Area of Stratum Stratum Stratum Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor A B C zone overall

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective effective effective Diffusion
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion diffusion diffusion path

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, coefficient, coefficient, length,

Qbuilding AB η Zcrack ∆Hv,TS HTS H'TS µTS Deff
A Deff

B Deff
C Deff

cz Deff
T Ld

(cm3/s) (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s) (cm2/s) (cm2/s) (cm)

1.69E+04 1.06E+06 3.77E-04 15 8,112 2.82E-03 1.21E-01 1.76E-04 1.42E-02 0.00E+00 0.00E+00 5.70E-04 3.53E-03 135

Exponent of Infinite
Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source Unit
path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

Lp Csource rcrack Qsoil Dcrack
Acrack exp(Pef) α Cbuilding URF RfC

(cm) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3) (µg/m3)-1 (mg/m3)

15 3.63E+02 0.10 8.33E+01 1.42E-02 4.00E+02 3.99E+63 1.23E-03 4.46E-01 7.8E-06 3.0E-02

END

Zone 1 - Benzene - Residential Page 3 of 4 12/16/2011



DATA ENTRY SHEET

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
Indoor Indoor Risk-based Pure Final risk from quotient

exposure exposure indoor component indoor vapor from vapor
groundwater groundwater exposure water exposure intrusion to intrusion to

conc., conc., groundwater solubility, groundwater indoor air, indoor air,
carcinogen noncarcinogen conc., S conc., carcinogen noncarcinogen

(µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (unitless) (unitless)

NA NA NA 1.79E+06 NA 1.4E-06 1.4E-02

MESSAGE AND ERROR SUMMARY BELOW: (DO NOT USE RESULTS IF ERRORS ARE PRESENT)

SCROLL
DOWN

TO "END"

END

Zone 1 - Benzene - Residential Page 4 of 4 12/16/2011



DATA ENTRY SHEET

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)

YES

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION (enter "X" in "YES" box and initial groundwater conc. below)

YES X

ENTER ENTER
Initial

Chemical groundwater
CAS No. conc.,

(numbers only, CW

no dashes) (µg/L) Chemical

100414 1.10E+01 Ethylbenzene

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Depth Totals must add up to value of LWT (cell G28) Soil

MORE Average below grade Thickness Thickness stratum A User-defined
� soil/ to bottom Depth Thickness of soil of soil Soil SCS stratum A

groundwater of enclosed below grade of soil stratum B, stratum C, stratum SCS soil type soil vapor
temperature, space floor, to water table, stratum A, (Enter value or 0) (Enter value or 0) directly above soil type (used to estimate OR permeability,

TS LF LWT hA hB hC water table, directly above soil vapor kv

(oC) (cm) (cm) (cm) (cm) (cm) (Enter A, B, or C) water table permeability) (cm2)

11 15 150 150 0 0 A S S

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
MORE Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C

� SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled
soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity,

ρb
A nA θw

A ρb
B nB θw

B ρb
C nC θw

C

(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)

S 1.66 0.375 0.054 S 1.66 0.375 0.054 S 1.66 0.375 0.054

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
MORE Enclosed Enclosed Enclosed Average vapor

� space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

10 40 1000 1000 244 0.1 0.25 5

MORE ENTER ENTER ENTER ENTER ENTER ENTER
� Averaging Averaging Target Target hazard

time for time for Exposure Exposure risk for quotient for
carcinogens, noncarcinogens, duration, frequency, carcinogens, noncarcinogens,

ATC ATNC ED EF TR THQ
(yrs) (yrs) (yrs) (days/yr) (unitless) (unitless)

70 30 30 350 1.0E-06 1

Used to calculate risk-based
END groundwater concentration.

GW-ADV
Version 3.1; 02/04

Reset to 
Defaults

Lookup Soil 
Parameters

Lookup Soil 
Parameters

Lookup Soil 
Parameters

Zone 1 - Ethylbenzene - Residential Page 1 of 4 12/16/2011



DATA ENTRY SHEET

Henry's Henry's Enthalpy of Organic Pure
law constant law constant vaporization at Normal carbon component Unit

Diffusivity Diffusivity at reference reference the normal boiling Critical partition water risk Reference
in air, in water, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc.,

Da Dw H TR ∆Hv,b TB TC Koc S URF RfC

(cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (cm3/g) (mg/L) (µg/m3)-1 (mg/m3)

7.50E-02 7.80E-06 7.86E-03 25 8,501 409.34 617.20 3.63E+02 1.69E+02 2.5E-06 1.0E+00

END

Zone 1 - Ethylbenzene - Residential Page 2 of 4 12/16/2011



DATA ENTRY SHEET

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Total Air-filled Water-filled Floor-
Source- soil soil soil effective soil soil soil Thickness of porosity in porosity in porosity in wall

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter,

τ LT θa
A θa

B θa
C Ste ki krg kv Lcz ncz θa,cz θw,cz Xcrack

(sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm)

9.46E+08 135 0.321 0.321 0.321 0.003 9.94E-08 0.998 9.92E-08 17.05 0.375 0.122 0.253 4,000

Area of Stratum Stratum Stratum Capillary Total
enclosed Crack- Crack Enthalpy of Henry's law Henry's law Vapor A B C zone overall

Bldg. space to-total depth vaporization at constant at constant at viscosity at effective effective effective effective effective Diffusion
ventilation below area below ave. groundwater ave. groundwater ave. groundwater ave. soil diffusion diffusion diffusion diffusion diffusion path

rate, grade, ratio, grade, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, coefficient, coefficient, length,

Qbuilding AB η Zcrack ∆Hv,TS HTS H'TS µTS Deff
A Deff

B Deff
C Deff

cz Deff
T Ld

(cm3/s) (cm2) (unitless) (cm) (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (cm2/s) (cm2/s) (cm2/s) (cm)

1.69E+04 1.06E+06 3.77E-04 15 10,144 3.38E-03 1.45E-01 1.76E-04 1.21E-02 0.00E+00 0.00E+00 4.84E-04 3.00E-03 135

Exponent of Infinite
Average Crack equivalent source Infinite

Convection Source vapor effective foundation indoor source Unit
path vapor Crack flow rate diffusion Area of Peclet attenuation bldg. risk Reference

length, conc., radius, into bldg., coefficient, crack, number, coefficient, conc., factor, conc.,

Lp Csource rcrack Qsoil Dcrack
Acrack exp(Pef) α Cbuilding URF RfC

(cm) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3) (µg/m3)-1 (mg/m3)

15 1.60E+03 0.10 8.33E+01 1.21E-02 4.00E+02 4.21E+74 1.09E-03 1.73E+00 2.5E-06 1.0E+00

END
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DATA ENTRY SHEET

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
Indoor Indoor Risk-based Pure Final risk from quotient

exposure exposure indoor component indoor vapor from vapor
groundwater groundwater exposure water exposure intrusion to intrusion to

conc., conc., groundwater solubility, groundwater indoor air, indoor air,
carcinogen noncarcinogen conc., S conc., carcinogen noncarcinogen

(µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (unitless) (unitless)

NA NA NA 1.69E+05 NA 1.8E-06 1.7E-03

MESSAGE AND ERROR SUMMARY BELOW: (DO NOT USE RESULTS IF ERRORS ARE PRESENT)

SCROLL
DOWN

TO "END"

END
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TABLE F.4.1.RME

EXPOSURE POINT CONCENTRATION SUMMARY

REASONABLE MAXIMUM EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Surface Soil

Exposure Medium: Surface Soil

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Zone 4 Benzo(a)anthracene mg/kg (1) (1) 5.3 5.3 mg/kg Maximum Detected Concentration (1)

Benzo(a)pyrene mg/kg (1) (1) 4.3 4.3 mg/kg Maximum Detected Concentration (1)

Benzo(b)fluoranthene mg/kg (1) (1) 4.3 4.3 mg/kg Maximum Detected Concentration (1)

Dibenzo(a,h)anthracene mg/kg (1) (1) 1.5 1.5 mg/kg Maximum Detected Concentration (1)

Indeno(1,2,3-cd)pyrene mg/kg (1) (1) 3.4 3.4 mg/kg Maximum Detected Concentration (1)

Antimony mg/kg (1) (1) 3.3 3.3 mg/kg Maximum Detected Concentration (1)

Arsenic mg/kg (1) (1) 4.2 4.2 mg/kg Maximum Detected Concentration (1)

Lead mg/kg 1840 4740 (G) 10,600 J 1840 mg/kg Arithmetic Mean (2)

1 - There were less than 10 samples therefore the maximum detected concentration was used as the exposure point concentration.

2 - Mean concentration is used as exposure point concentration for evaluating exposures to lead. 

     U.S. EPA, 1994:Guidance Manual for the Integrated Exposure Uptake Biokinetic Model for lead in Children.

Exposure point concentrations for the RME scenarios are also the exposure point concentrations for the CTE scenarios.
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TABLE F.4.2.RME

EXPOSURE POINT CONCENTRATION SUMMARY

REASONABLE MAXIMUM EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Surface/Subsurface Soil

Exposure Medium: Surface/Subsurface Soil

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Zone 4 Benzo(a)anthracene mg/kg 0.530 4.23 (L) 5.3 4.23 mg/kg    99% KM (Chebyshev) UCL ProUCL 4.00.05

Benzo(a)pyrene mg/kg 0.453 2.33 (L) 4.3 2.33 mg/kg  97.5% KM (Chebyshev) UCL ProUCL 4.00.05

Benzo(b)fluoranthene mg/kg 0.460 2.33 (L) 4.3 2.33 mg/kg  97.5% KM (Chebyshev) UCL ProUCL 4.00.05

Dibenzo(a,h)anthracene mg/kg 0.209 1.22 (L) 1.5 1.22 mg/kg    99% KM (Chebyshev) UCL ProUCL 4.00.05

Indeno(1,2,3-cd)pyrene mg/kg 0.369 1.85 (L) 3.4 1.85 mg/kg  97.5% KM (Chebyshev) UCL ProUCL 4.00.05

Antimony mg/kg 1.03 1.51 (N) 3.3 1.51 mg/kg    95% KM (t) UCL ProUCL 4.00.05

Arsenic mg/kg 2.53 3.33 (N) 4.5 J 3.33 mg/kg    95% KM (t) UCL ProUCL 4.00.05

Lead mg/kg 1256 3338 (G) 10,600 J 1256 mg/kg Arithmetic Mean ProUCL 4.00.05

Manganese (Soil) mg/kg 121 139 (N) 191 J 139 mg/kg 95% Student's-t UCL ProUCL 4.00.05

G = Gamma

L = Lognormal

NP = Non-parametric

N = Normal

Exposure point concentrations for the RME scenarios are also the exposure point concentrations for the CTE scenarios.
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TABLE F.4.3.RME

EXPOSURE POINT CONCENTRATION SUMMARY

REASONABLE MAXIMUM EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Groundwater

Exposure Medium: Groundwater

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Zone 4 1,1-Dichloroethane ug/L 3.12 4.8 (N) 8.3 8.3 ug/L Maximum Detected Concentration (2)

1,1-Dichloroethene ug/L 5.08 27.3 (NP) 27.3 27.3 ug/L Maximum Detected Concentration (2)

Ethylbenzene ug/L 2.55 4.5 (NP) 5.2 5.2 ug/L Maximum Detected Concentration (2)

Methylene Chloride ug/L 2.38 (1) 5.50 5.50 ug/L Maximum Detected Concentration (2)

Total Xylenes ug/L 4.07 7.6 (N) 11.5 11.5 ug/L Maximum Detected Concentration (2)

Vinyl Chloride ug/L 3.04 (1) 7.33 7.33 ug/L Maximum Detected Concentration (2)

Benzo(a)anthracene ug/L 2.80 (1) 1.00 1.00 ug/L Maximum Detected Concentration (2)

Benzo(a)pyrene ug/L 2.79 (1) 0.800 0.800 ug/L Maximum Detected Concentration (2)

Benzo(b)fluoranthene ug/L 2.78 (1) 0.600 0.600 ug/L Maximum Detected Concentration (2)

Benzo(k)fluoranthene ug/L 2.80 (1) 1.00 1.00 ug/L Maximum Detected Concentration (2)

Bis(2-ethylhexyl)phthalate ug/L 3.23 4.9 (NP) 6.83 6.83 ug/L Maximum Detected Concentration (2)

Indeno(1,2,3-cd)pyrene ug/L 2.79 (1) 0.700 0.700 ug/L Maximum Detected Concentration (2)

Naphthalene ug/L 2.85 4.0 (NP) 3.77 3.77 ug/L Maximum Detected Concentration (2)

Antimony ug/L 4.81 8.0 (N) 9.00 9.00 ug/L Maximum Detected Concentration (2)

Arsenic ug/L 1.25 1.85 (N) 3.49 3.49 ug/L Maximum Detected Concentration (2)

Boron ug/L 787 1319 (N) 1980 1980 ug/L Maximum Detected Concentration (2)

Cadmium (Water) ug/L 1.35 3.1 (N) 7.08 7.08 ug/L Maximum Detected Concentration (2)

Chromium ug/L 3.39 24.3 (NP) 30.2 30.2 ug/L Maximum Detected Concentration (2)

Lead ug/L 15.2 41.7 (G) 72.6 15.2 ug/L Arithmetic Mean Concentration (3)

Manganese (Water) ug/L 2060 482 (G) 1980 1980 ug/L Maximum Detected Concentration (2)

Nickel ug/L 8.61 13.0 (G) 26.9 26.9 ug/L Maximum Detected Concentration (2)

Thallium ug/L 2.24 3.9 (N) 6.76 6.76 ug/L Maximum Detected Concentration (2)

Vanadium ug/L 4.67 (1) 29.5 29.5 ug/L Maximum Detected Concentration (2)

Nitrate ug/L 1490 9804 (L) 7900 7900 ug/L Maximum Detected Concentration (2)

G - Gamma distribution.

N - Normal distribution.

NP - Nonparametric distribution.

L - Lognormal distribution.

J - Estimated value.

1 - Insufficient number of distinct values to calculate statisitcs.

2 - The maximum concentration is used as the exposure point concentration for groundwater.

3 - Mean concentration is used as exposure point concentration for evaluating exposures to lead. 

     U.S. EPA, 1994:Guidance Manual for the Integrated Exposure Uptake Biokinetic Model for lead in Children.
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TABLE F.4.3.CTE

EXPOSURE POINT CONCENTRATION SUMMARY

CENTRAL TENDENCY EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Groundwater

Exposure Medium: Groundwater

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Zone 4 1,1-Dichloroethane ug/L 3.12 4.8 (N) 8.3 3.12 ug/L Arithmetic Mean (2)

1,1-Dichloroethene ug/L 5.08 27.3 (NP) 27.3 5.08 ug/L Arithmetic Mean (2)

Ethylbenzene ug/L 2.55 4.5 (NP) 5.2 2.6 ug/L Arithmetic Mean (2)

Methylene Chloride ug/L 2.38 (1) 5.50 2.38 ug/L Arithmetic Mean (2)

Total Xylenes ug/L 4.07 7.6 (N) 11.5 4.07 ug/L Arithmetic Mean (2)

Vinyl Chloride ug/L 3.04 (1) 7.33 3.04 ug/L Arithmetic Mean (2)

Benzo(a)anthracene ug/L 2.80 (1) 1.00 1.00 ug/L Maximum Detected Concentration (3)

Benzo(a)pyrene ug/L 2.79 (1) 0.800 0.80 ug/L Maximum Detected Concentration (3)

Benzo(b)fluoranthene ug/L 2.78 (1) 0.600 0.60 ug/L Maximum Detected Concentration (3)

Benzo(k)fluoranthene ug/L 2.80 (1) 1.00 1.00 ug/L Maximum Detected Concentration (3)

Bis(2-ethylhexyl)phthalate ug/L 3.23 4.9 (NP) 6.83 3.23 ug/L Arithmetic Mean (2)

Indeno(1,2,3-cd)pyrene ug/L 2.79 (1) 0.700 0.70 ug/L Maximum Detected Concentration (3)

Naphthalene ug/L 2.85 4.0 (NP) 3.77 2.85 ug/L Arithmetic Mean (2)

Antimony ug/L 4.81 8.0 (N) 9.00 4.81 ug/L Arithmetic Mean (2)

Arsenic ug/L 1.25 1.85 (N) 3.49 1.25 ug/L Arithmetic Mean (2)

Boron ug/L 787 1319 (N) 1980 787 ug/L Arithmetic Mean (2)

Cadmium (Water) ug/L 1.35 3.1 (N) 7.08 1.35 ug/L Arithmetic Mean (2)

Chromium ug/L 3.39 24.3 (NP) 30.2 3.39 ug/L Arithmetic Mean (2)

Lead ug/L 15.2 41.7 (G) 72.6 15.2 ug/L Arithmetic Mean (3)

Manganese (Water) ug/L 2060 482 (G) 1980 1980 ug/L Maximum Detected Concentration (3)

Nickel ug/L 8.61 13.0 (G) 26.9 8.61 ug/L Arithmetic Mean (2)

Thallium ug/L 2.24 3.9 (N) 6.76 2.24 ug/L Arithmetic Mean (2)

Vanadium ug/L 4.67 (1) 29.5 4.67 ug/L Arithmetic Mean (2)

Nitrate ug/L 1490 9804 (L) 7900 1490 ug/L Arithmetic Mean (2)

G - Gamma distribution.

N - Normal distribution.

NP - Nonparametric distribution.

L - Lognormal distribution.

J - Estimated value.

1 - Insufficient number of distinct values to calculate statisitcs.

2 - Mean concentration is used as the exposure point concentration for groundwater.

3 - The mean concentration was greater than the maximum detected concentration therefore the maximum detected concentration was used as the exposure point concentration.

4 - Mean concentration is used as exposure point concentration for evaluating exposures to lead. 

     U.S. EPA, 1994:Guidance Manual for the Integrated Exposure Uptake Biokinetic Model for lead in Children.
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TABLE F.4.4

NON-CANCER TOXICITY DATA -- ORAL/DERMAL

NSB-NLON, GROTON, CONNECTICUT

Chemical Chronic/ Oral RfD Oral Absorption Absorbed RfD for Dermal
(2)

Primary Combined RfD:Target Organ(s)

of  Potential Subchronic Efficiency Target Uncertainty/Modifying

Concern Value Units for Dermal
(1)

Value Units Organ(s) Factors Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

1,1-Dichloroethane Chronic 2.0E-01 mg/kg/day 1 2.0E-01 mg/kg/day Liver NA PPRTV 9/27/2006

1,1-Dichloroethene Chronic 5.0E-02 mg/kg/day 1 5.0E-02 mg/kg/day Liver 100/1 IRIS 2/1/2011

Ethylbenzene Chronic 1.0E-01 mg/kg/day 1 1.0E-01 mg/kg/day Liver, Kidney 1000/1 IRIS 2/1/2011

Methylene Chloride Chronic 6.0E-02 mg/kg/day 1 6.0E-02 mg/kg/day Liver 100/1 IRIS 2/1/2011

Vinyl Chloride Chronic 3.0E-03 mg/kg/day 1 3.0E-03 mg/kg/day Liver 30/1 IRIS 2/1/2011

Total Xylenes Chronic 2.0E-01 mg/kg/day 1 2.0E-01 mg/kg/day Body Weight 1000/1 IRIS 2/1/2011

Semivolatile Organic Compounds

Benzo(a)anthracene NA NA NA 1 NA NA NA NA NA NA

Benzo(a)pyrene NA NA NA 1 NA NA NA NA NA NA

Benzo(b)fluoranthene NA NA NA 1 NA NA NA NA NA NA

Benzo(k)fluoranthene NA NA NA 1 NA NA NA NA NA NA

Bis(2-ethylhexyl)phthalate Chronic 2.0E-02 mg/kg/day 1 2.0E-02 mg/kg/day Liver 1000/1 IRIS 2/1/2011

Dibenzo(a,h)anthracene NA NA NA 1 NA NA NA NA NA NA

Indeno(1,2,3-cd)pyrene NA NA NA 1 NA NA NA NA NA NA

Naphthalene Chronic 2.0E-02 mg/kg/day 1 2.0E-02 mg/kg/day Body Weight 3000/1 IRIS 2/1/2011

Inorganics

Antimony Chronic 4.0E-04 mg/kg/day 0.15 6.0E-05 mg/kg/day Blood 1000/1 IRIS 2/1/2011

Arsenic Chronic 3.0E-04 mg/kg/day 1 3.0E-04 mg/kg/day Skin, CVS 3/1 IRIS 2/1/2011

Barium Chronic 2.0E-01 mg/kg/day 0.07 1.4E-02 mg/kg/day Kidney 300/1 IRIS 2/1/2011

Boron Chronic 2.0E-01 mg/kg/day 1 2.0E-01 mg/kg/day Developmental, Lungs 66 IRIS 2/1/2011

Cadmium (soil) Chronic 1.0E-03 mg/kg/day 0.025 2.5E-05 mg/kg/day Kidney 10/1 IRIS 2/1/2011

Cadmium (water) Chronic 5.0E-04 mg/kg/day 0.05 2.5E-05 mg/kg/day Kidney 10/1 IRIS 2/1/2011

Trivalent Chromium Chronic 1.5E+00 mg/kg/day 0.013 2.0E-02 mg/kg/day None Reported 100/10 IRIS 2/1/2011

Hexavalent Chromium Chronic 3.0E-03 mg/kg/day 0.025 7.5E-05 mg/kg/day None Reported 300/3 IRIS 2/1/2011

Lead NA NA NA 1 NA NA NA NA NA NA

Manganese (soil) Chronic 1.4E-01 mg/kg/day 1 1.4E-01 mg/kg/day CNS 1/1 IRIS 2/1/2011

Manganese (water) Chronic 2.4E-02 mg/kg/day 0.04 9.6E-04 mg/kg/day CNS 1/3 IRIS 2/1/2011

Nickel Chronic 2.0E-02 mg/kg/day 0.04 8.0E-04 mg/kg/day Body Weight 300/1 IRIS 2/1/2011

Thallium NA NA NA 1 NA NA NA NA NA NA

Vanadium Chronic 5.0E-03 mg/kg/day 1 5.0E-03 mg/kg/day Kidney 300 IRIS
(3)

2/1/2011

Notes: Definitions:

1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for CNS = Central Nervous System

        Dermal Risk Assessment) Interim. EPA/540/R/99/005. CVS = Cardiovascular system

2 -  Adjusted dermal RfD = Oral RfD x Oral Absorption Efficiency for Dermal. IRIS = Integrated Risk Information System

3 - Value from IRIS adjusted as presented in the U.S. EPA Regional Screening Level Table (May 2010). NA = Not Available

PPRTV = Provisional Peer Reviewed Toxicity Value
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TABLE F.4.5

NON-CANCER TOXICITY DATA -- INHALATION

NSB-NLON, GROTON, CONNECTICUT

Chemical Chronic/ Inhalation RfC Extrapolated RfD
(1)

Primary Combined RfC : Target Organ(s)

of  Potential Subchronic Target Uncertainty/Modifying

Concern Value Units Value Units Organ(s) Factors Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

1,1-Dichloroethane NA NA NA NA NA NA NA NA NA

1,1-Dichloroethene Chronic 2.0E-01 mg/m
3

5.7E-02 (mg/kg/day) Liver 30/1 IRIS 2/1/2011

Ethylbenzene Chronic 1.0E+00 mg/m
3

2.9E-01 (mg/kg/day) Developmental 300/1 IRIS 2/1/2011

Methylene Chloride Chronic 1.0E+00 mg/m
3

2.9E-01 (mg/kg/day) Liver NA ATSDR 9/2000

Vinyl Chloride Chronic 1.0E-01 mg/m
3

2.9E-02 (mg/kg/day) Liver 30/1 IRIS 2/1/2011

Total Xylenes Chronic 1.0E-01 mg/m
3

2.9E-02 (mg/kg/day) CNS 300/1 IRIS 2/1/2011

Semivolatile Organic Compounds

Benzo(a)anthracene NA NA NA NA NA NA NA NA NA

Benzo(a)pyrene NA NA NA NA NA NA NA NA NA

Benzo(b)fluoranthene NA NA NA NA NA NA NA NA NA

Benzo(k)fluoranthene NA NA NA NA NA NA NA NA NA

Bis(2-ethylhexyl)phthalate NA NA NA NA NA NA NA NA NA

Dibenzo(a,h)anthracene NA NA NA NA NA NA NA NA NA

Indeno(1,2,3-cd)pyrene NA NA NA NA NA NA NA NA NA

Naphthalene Chronic 3.0E-03 mg/m
3

8.6E-04 (mg/kg/day) Nasal 3000/1 IRIS 2/1/2011

Inorganics

Antimony NA NA NA NA NA NA NA NA NA

Arsenic Chronic 1.5E-05 mg/m
3

4.3E-06 (mg/kg/day) NA NA Cal EPA 9/2009

Barium Chronic 5.0E-04 mg/m
3

1.4E-04 (mg/kg/day) Fetotoxicity 1000 HEAST 7/1997

Boron Chronic 2.0E-02 mg/m
3

5.7E-03 (mg/kg/day) Lungs 100 HEAST 7/1997

Cadmium Chronic 1.0E-05 mg/m
3

2.9E-06 (mg/kg/day) Kidney NA ATSDR 9/2008

Trivalent Chromium Chronic NA NA NA NA NA NA NA NA

Hexavalent Chromium Chronic 1.0E-04 mg/m
3

2.9E-05 (mg/kg/day) Lungs 300/1 IRIS 2/1/2011

Lead NA NA NA NA NA NA NA NA NA

Manganese Chronic 5.0E-05 mg/m
3

1.4E-05 (mg/kg/day) CNS 1000/1 IRIS 2/1/2011

Nickel Chronic 9.0E-05 mg/m
3

2.6E-05 (mg/kg/day) Lungs NA ATSDR 9/2005

Thallium NA NA NA NA NA NA NA NA NA

Vanadium NA NA NA NA NA NA NA NA NA

Notes: Definitions:

1  - Extrapolated RfD = RfC *20m
3
/day / 70 kg ATSDR = Agency for Toxic Substances and Disease Registry

Cal EPA = California Environmental Protection Agency

CNS = Central Nervous System

HEAST= Health Effects Assessment Summary Tables

IRIS = Integrated Risk Information System

NA = Not Applicable
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TABLE F.4.6

CANCER TOXICITY DATA -- ORAL/DERMAL

NSB-NLON, GROTON, CONNECTICUT

Chemical Oral Cancer Slope Factor Oral Absorption Absorbed Cancer Slope Factor Weight of Evidence/ Oral CSF

of Potential  Efficiency for Dermal
(2) Cancer Guideline  

Concern Value Units for Dermal
(1)

Value Units Description Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

1,1-Dichloroethane 5.7E-03 (mg/kg/day)
-1

1 5.7E-03 (mg/kg/day)
-1

C Cal EPA 9/2009

1,1-Dichloroethene NA NA 1 NA NA C IRIS 2/1/2011

Ethylbenzene 1.1E-02 (mg/kg/day)
-1

1 1.1E-02 (mg/kg/day)
-1

D Cal EPA 11/2007

Methylene Chloride 7.5E-03 (mg/kg/day)
-1

1 7.5E-03 (mg/kg/day)
-1

B2 IRIS 2/1/2011

Vinyl Chloride (early life) 1.5E+00 (mg/kg/day)
-1

1 1.5E+00 (mg/kg/day)
-1

A IRIS 2/1/2011

Vinyl Chloride (adult) 7.2E-01 (mg/kg/day)
-1

1 7.2E-01 (mg/kg/day)
-1

A IRIS 2/1/2011

Total Xylenes NA NA 1 NA NA NA NA NA

Semivolatile Organic Compounds

Benzo(a)anthracene
(3)

7.3E-01 (mg/kg/day)
-1

1 7.3E-01 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Benzo(a)pyrene
(3)

7.3E+00 (mg/kg/day)
-1

1 7.3E+00 (mg/kg/day)
-1

B2 IRIS 2/1/2011

Benzo(b)fluoranthene
(3)

7.3E-01 (mg/kg/day)
-1

1 7.3E-01 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Benzo(k)fluoranthene
(3)

7.3E-02 (mg/kg/day)
-1

1 7.3E-02 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Bis(2-ethylhexyl)phthalate 1.4E-02 (mg/kg/day)
-1

1 1.4E-02 (mg/kg/day)
-1

B2 IRIS 2/1/2011

Dibenzo(a,h)anthracene
(3)

7.3E+00 (mg/kg/day)
-1

1 7.3E+00 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Indeno(1,2,3-cd)pyrene
(3)

7.3E-01 (mg/kg/day)
-1

1 7.3E-01 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Naphthalene NA NA 1 NA NA C IRIS 2/1/2011

Inorganics

Antimony NA NA 0.15 NA NA NA NA NA

Arsenic 1.5E+00 (mg/kg/day)
-1

1 1.5E+00 (mg/kg/day)
-1

A IRIS 2/1/2011

Barium NA NA 0.07 NA NA D IRIS 2/1/2011

Boron NA NA 1 NA NA NA NA NA

Cadmium NA NA 0.05 NA NA B1 IRIS 2/1/2011

Trivalent Chromium NA NA 0.013 NA NA D IRIS 2/1/2011

Hexavalent Chromium 5.0E-01 (mg/kg/day)
-1

0.025 2.0E+01 (mg/kg/day)
-1

D NJDEP 4/2009

Lead NA NA 1 NA NA B2 IRIS 2/1/2011

Manganese NA NA 0.04 NA NA D IRIS 2/1/2011

Nickel NA NA 0.04 NA NA NA NA NA

Thallium NA NA 1 NA NA NA IRIS 2/1/2011

Vanadium NA NA 1 NA NA NA NA NA

12/16/2011
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TABLE F.4.6

CANCER TOXICITY DATA -- ORAL/DERMAL

NSB-NLON, GROTON, CONNECTICUT

Notes:

1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Interim. EPA/540/R/99/005.

2 -  Adjusted cancer slope factor for dermal = Oral cancer slope factor / Oral Absorption Efficiency for Dermal.

3 - The carcinogenic PAHs are considered to act via the mutagenic mode of action.  These chemicals are evaluated in accordance with USEPA's Supplemental Guidance for Assessing 

      Susceptibility from Early-Life Exposure to Carcinogens (2005).

Definitions:

USEPA(1) = U.S. EPA,  Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons, July 1993, EPA/600/R-93/089.

Cal EPA = California Environmental Protection Agency.

IRIS = Integrated Risk Information System.

NA = Not Available.

NJDEP = New Jersey Department of Environmental Protection.

EPA Group:

     A - Human carcinogen.

     B1 - Probable human carcinogen - indicates that limited human data are available.

     B2 - Probable human carcinogen - indicates sufficient evidence in animals and inadequate or no evidence in humans .

     C - Possible human carcinogen.

     D - Not classifiable as a human carcinogen.
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TABLE F.4.7

CANCER TOXICITY DATA -- INHALATION

NSB-NLON, GROTON, CONNECTICUT

Chemical Unit Risk Inhalation Cancer Weight of Evidence/ Unit Risk : Inhalation CSF

of Potential Slope Factor
(1)

Cancer Guideline  

Concern Value Units Value Units Description Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

1,1-Dichloroethane 1.6E-06 (ug/m
3
)
-1

5.6E-03 (mg/kg/day)
-1

C Cal EPA 9/2009

1,1-Dichloroethene NA NA NA NA C IRIS 2/1/2011

Ethylbenzene 2.5E-06 (ug/m
3
)
-1

8.8E-03 (mg/kg/day)
-1

D Cal EPA 11/2007

Methylene Chloride 4.7E-07 (ug/m
3
)
-1

1.6E-03 (mg/kg/day)
-1

B2 IRIS 2/1/2011

Vinyl Chloride (early life) 8.8E-06 (ug/m
3
)
-1

3.1E-02 (mg/kg/day)
-1

A IRIS 2/1/2011

Vinyl Chloride (adult) 4.4E-06 (ug/m
3
)
-1

1.5E-02 (mg/kg/day)
-1

A IRIS 2/1/2011

Total Xylenes NA NA NA NA NA NA NA

Semivolatile Organic Compounds

Benzo(a)anthracene
(2)

1.1E-04 (ug/m
3
)
-1

3.9E-01 (mg/kg/day)
-1

NA Cal EPA 9/2009

Benzo(a)pyrene
(2)

1.1E-03 (ug/m
3
)
-1

3.9E+00 (mg/kg/day)
-1

NA Cal EPA 9/2009

Benzo(b)fluoranthene
(2)

1.1E-04 (ug/m
3
)
-1

3.9E-01 (mg/kg/day)
-1

NA Cal EPA 9/2009

Benzo(k)fluoranthene
(2)

1.1E-04 (ug/m
3
)
-1

3.9E-01 (mg/kg/day)
-1

NA Cal EPA 9/2009

Bis(2-ethylhexyl)phthalate 2.4E-06 (ug/m
3
)
-1

8.4E-03 (mg/kg/day)
-1

NA Cal EPA 9/2009

Dibenzo(a,h)anthracene
(2)

1.2E-03 (ug/m
3
)
-1

4.2E+00 (mg/kg/day)
-1

NA Cal EPA 9/2009

Indeno(1,2,3-cd)pyrene
(2)

1.1E-04 (ug/m
3
)
-1

3.9E-01 (mg/kg/day)
-1

NA Cal EPA 9/2009

Naphthalene 3.4E-05 (ug/m
3
)
-1

1.2E-01 (mg/kg/day)
-1

C Cal EPA 8/2004

Inorganics

Antimony NA NA NA NA NA NA NA

Arsenic 4.3E-03 (ug/m
3
)
-1

1.5E+01 (mg/kg/day)
-1

A IRIS 2/1/2011

Barium NA NA NA NA NA IRIS 2/1/2011

Boron NA NA NA NA NA NA NA

Cadmium 1.8E-03 (ug/m
3
)
-1

6.3E+00 (mg/kg/day)
-1

B1 IRIS 2/1/2011

Trivalent Chromium NA NA NA NA D IRIS 2/1/2011

Hexavalent Chromium 8.4E-02 (ug/m
3
)
-1

2.9E+02 (mg/kg/day)
-1

A IRIS 2/1/2011

Lead NA NA NA NA B2 IRIS 2/1/2011

Manganese NA NA NA NA D IRIS 2/1/2011

Nickel 2.6E-04 (ug/m
3
)
-1

9.1E-01 (mg/kg/day)
-1

NA Cal EPA 9/2009

Thallium NA NA NA NA NA IRIS 2/1/2011

Vanadium NA NA NA NA NA NA NA
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TABLE F.4.7

CANCER TOXICITY DATA -- INHALATION

NSB-NLON, GROTON, CONNECTICUT

Chemical Unit Risk Inhalation Cancer Weight of Evidence/ Unit Risk : Inhalation CSF

of Potential Slope Factor
(1)

Cancer Guideline  

Concern Value Units Value Units Description Source(s) Date(s)

(MM/DD/YYYY)

Notes:

1 - Inhalation CSF = Unit Risk * 70 kg / 20m
3
/day.

2 - The carcinogenic PAHs are considered to act via the mutagenic mode of action.  These chemicals are evaluated in accordance with USEPA's Supplemental Guidance

       for Assessing Susceptibility from Early-Life Exposure to Carcinogens (2005).

Definitions:

Cal EPA = California Environmental Protection Agency. EPA Group:

IRIS = Integrated Risk Information System.      A - Human carcinogen.

NA = Not Available.      B1 - Probable human carcinogen - indicates that limited human data are available.

     B2 - Probable human carcinogen - indicates sufficient evidence in animals and 

              inadequate or no evidence in humans .

     C - Possible human carcinogen.

     D - Not classifiable as a human carcinogen.
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TABLE F.4.8.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 4 Ingestion Benzo(a)anthracene 4.23 mg/kg 9.4E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 6.8E-08 6.6E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.33 mg/kg 5.2E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 3.8E-07 3.6E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 2.33 mg/kg 5.2E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 3.8E-08 3.6E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.22 mg/kg 2.7E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 2.0E-07 1.9E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.85 mg/kg 4.1E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 3.0E-08 2.9E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 1.51 mg/kg 3.3E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 2.3E-06 (mg/kg/day) 4.0E-04 (mg/kg/day) 0.006

Arsenic 3.33 mg/kg 7.4E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 1.1E-07 5.2E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.02

Lead 1,256 mg/kg 2.8E-05 (mg/kg/day) NA (mg/kg/day)-1 - - 1.9E-03 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 139 mg/kg 3.1E-06 (mg/kg/day) NA (mg/kg/day)-1 - - 2.2E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.002

Exp. Route Total 8.2E-07 0.02

Dermal Benzo(a)anthracene 4.23 mg/kg 3.7E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 2.7E-08 2.6E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.33 mg/kg 2.0E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 1.5E-07 1.4E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 2.33 mg/kg 2.0E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.5E-08 1.4E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.22 mg/kg 1.1E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 7.7E-08 7.4E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.85 mg/kg 1.6E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.2E-08 1.1E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 1.51 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 3.33 mg/kg 6.6E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 1.0E-08 4.6E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.002

Lead 1,256 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 139 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Exp. Route Total 2.9E-07 0.002

Exposure Point Total 1.1E-06 0.03

Exposure Medium Total 1.1E-06 0.03

Air Zone 4 Inhalation Benzo(a)anthracene 3.1E-6 mg/m3 4.8E-09 (mg/m3) 1.1E-04 (ug/m3)-1 5.3E-10 3.4E-07 (mg/m3) NA (mg/m3) --

Benzo(a)pyrene 1.7E-6 mg/m3 2.7E-09 (mg/m3) 1.1E-03 (ug/m3)-1 2.9E-09 1.9E-07 (mg/m3) NA (mg/m3) --

Benzo(b)fluoranthene 1.7E-6 mg/m3 2.7E-09 (mg/m3) 1.1E-04 (ug/m3)-1 2.9E-10 1.9E-07 (mg/m3) NA (mg/m3) --

Dibenzo(a,h)anthracene 8.9E-7 mg/m3 1.4E-09 (mg/m3) 1.2E-03 (ug/m3)-1 1.7E-09 9.8E-08 (mg/m3) NA (mg/m3) --

Indeno(1,2,3-cd)pyrene 1.4E-6 mg/m3 2.1E-09 (mg/m3) 1.1E-04 (ug/m3)-1 2.3E-10 1.5E-07 (mg/m3) NA (mg/m3) --

Antimony 1.1E-6 mg/m3 1.7E-09 (mg/m3) NA (ug/m3)-1 - - 1.2E-07 (mg/m3) 0.0E+00 (mg/m3) --

Arsenic 2.4E-6 mg/m3 3.8E-09 (mg/m3) 4.3E-03 (ug/m3)-1 1.6E-08 2.7E-07 (mg/m3) 1.5E-05 (mg/m3) 0.02

Lead 9.2E-4 mg/m3 1.4E-06 (mg/m3) NA (ug/m3)-1 - - 1.0E-04 (mg/m3) NA (mg/m3) --

Manganese (Soil) 1.0E-4 mg/m3 1.6E-07 (mg/m3) NA (ug/m3)-1 - - 1.1E-05 (mg/m3) 5.0E-05 (mg/m3) 0.2

Exp. Route Total 2.2E-08 0.2

Exposure Point Total 2.2E-08 0.2

Exposure Medium Total 2.2E-08 0.2

Medium Total 1.1E-06 0.3
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TABLE F.4.8.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Zone 4 Dermal 1,1-Dichloroethane 8.30 ug/L 1.5E-08 (mg/kg/day) 5.7E-03 (mg/kg/day)-1 8.3E-11 1.0E-06 (mg/kg/day) 2.0E-01 (mg/kg/day) 0.000005

1,1-Dichloroethene 27.3 ug/L 8.1E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 5.7E-06 (mg/kg/day) 5.0E-02 (mg/kg/day) 0.0001

Ethylbenzene 5.20 ug/L 6.2E-08 (mg/kg/day) 1.1E-02 (mg/kg/day)-1 6.8E-10 4.3E-06 (mg/kg/day) 1.0E-01 (mg/kg/day) 0.00004

Methylene Chloride 5.50 ug/L 5.0E-09 (mg/kg/day) 7.5E-03 (mg/kg/day)-1 3.7E-11 3.5E-07 (mg/kg/day) 6.0E-02 (mg/kg/day) 0.000006

Total Xylenes 11.5 ug/L 1.3E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 9.0E-06 (mg/kg/day) 2.0E-01 (mg/kg/day) 0.00004

Vinyl Chloride 7.33 ug/L 1.0E-08 (mg/kg/day) 7.2E-01 (mg/kg/day)-1 7.2E-09 7.0E-07 (mg/kg/day) 3.0E-03 (mg/kg/day) 0.0002

Benzo(a)anthracene 1.00 ug/L 0.0E+00 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.800 ug/L 0.0E+00 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.600 ug/L 0.0E+00 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 1.00 ug/L 3.3E-07 (mg/kg/day) 7.3E-02 (mg/kg/day)-1 2.4E-08 2.3E-05 (mg/kg/day) NA (mg/kg/day) --

Bis(2-ethylhexyl)phthalate 6.83 ug/L 1.7E-07 (mg/kg/day) 1.4E-02 (mg/kg/day)-1 2.4E-09 1.2E-05 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.0006

Indeno(1,2,3-cd)pyrene 0.700 ug/L 2.6E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.9E-07 1.8E-05 (mg/kg/day) NA (mg/kg/day) --

Naphthalene 3.77 ug/L 4.5E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 3.2E-06 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.0002

Antimony 9.00 ug/L 2.0E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 1.4E-07 (mg/kg/day) 6.0E-05 (mg/kg/day) 0.002

Arsenic 3.5 ug/L 7.7E-10 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 1.2E-09 5.4E-08 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0002

Boron 1,980 ug/L 4.4E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 3.1E-05 (mg/kg/day) 2.0E-01 (mg/kg/day) 0.0002

Cadmium (Water) 7.08 ug/L 1.6E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 1.1E-07 (mg/kg/day) 2.5E-05 (mg/kg/day) 0.004

Chromium 30.2 ug/L 1.3E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 9.4E-07 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.00005

Lead 15.2 ug/L 3.4E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 2.4E-07 (mg/kg/day) NA (mg/kg/day) --

Manganese (Water) 1,980 ug/L 4.4E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 3.1E-05 (mg/kg/day) 9.6E-04 (mg/kg/day) 0.03

Nickel 26.9 ug/L 1.2E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 8.3E-08 (mg/kg/day) 8.0E-04 (mg/kg/day) 0.0001

Thallium 6.76 ug/L 1.5E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 1.0E-07 (mg/kg/day) NA (mg/kg/day) --

Vanadium 29.5 ug/L 6.5E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 4.6E-07 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.00009

Nitrate 7,900 ug/L 1.7E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 1.2E-05 (mg/kg/day) 1.6E+00 (mg/kg/day) 0.000008

Exp. Route Total 2.3E-07 0.04

Exposure Point Total 2.3E-07 0.04

Exposure Medium Total 2.3E-07 0.04

Air Zone 4 Inhalation 1,1-Dichloroethane 3.1E-4 mg/m3 6.0E-08 (mg/m3) 1.6E-06 (ug/m3)-1 9.6E-11 4.2E-06 (mg/m3) NA (mg/m3) --

1,1-Dichloroethene 0.001 mg/m3 2.0E-07 (mg/m3) NA (ug/m3)-1 - - 1.4E-05 (mg/m3) 2.0E-01 (mg/m3) 0.00007

Ethylbenzene 1.9E-4 mg/m3 3.6E-08 (mg/m3) 2.5E-06 (ug/m3)-1 9.1E-11 2.5E-06 (mg/m3) 1.0E+00 (mg/m3) 0.000003

Methylene Chloride 2.2E-4 mg/m3 4.3E-08 (mg/m3) 4.7E-07 (ug/m3)-1 2.0E-11 3.0E-06 (mg/m3) 1.0E+00 (mg/m3) 0.000003

Total Xylenes 4.1E-4 mg/m3 8.0E-08 (mg/m3) NA (ug/m3)-1 - - 5.6E-06 (mg/m3) 1.0E-01 (mg/m3) 0.00006

Vinyl Chloride 3.4E-4 mg/m3 6.7E-08 (mg/m3) 4.4E-06 (ug/m3)-1 3.0E-10 4.7E-06 (mg/m3) 1.0E-01 (mg/m3) 0.00005

Benzo(a)anthracene 0.0E+0 mg/m3 0.0E+00 (mg/m3) 1.1E-04 (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Benzo(a)pyrene 0.0E+0 mg/m3 0.0E+00 (mg/m3) 1.1E-03 (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Benzo(b)fluoranthene 0.0E+0 mg/m3 0.0E+00 (mg/m3) 1.1E-04 (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Benzo(k)fluoranthene 0.0E+0 mg/m3 0.0E+00 (mg/m3) 1.1E-04 (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Bis(2-ethylhexyl)phthalate 0.0E+0 mg/m3 0.0E+00 (mg/m3) 2.4E-06 (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Indeno(1,2,3-cd)pyrene 0.0E+0 mg/m3 0.0E+00 (mg/m3) 1.1E-04 (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Naphthalene 1.1E-4 mg/m3 2.1E-08 (mg/m3) 3.4E-05 (ug/m3)-1 7.3E-10 1.5E-06 (mg/m3) 3.0E-03 (mg/m3) 0.0005

Antimony 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 0.0E+00 (mg/m3) --

Arsenic 0.0E+0 mg/m3 0.0E+00 (mg/m3) 4.3E-03 (ug/m3)-1 - - 0.0E+00 (mg/m3) 1.5E-05 (mg/m3) --

Boron 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 2.0E-02 (mg/m3) --

Cadmium (Water) 0.0E+0 mg/m3 0.0E+00 (mg/m3) 1.8E-03 (ug/m3)-1 - - 0.0E+00 (mg/m3) 1.0E-05 (mg/m3) --

Chromium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

12/16/2011



PAGE 3 OF 3

TABLE F.4.8.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Air Zone 4 Inhalation Lead 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Manganese (Water) 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Nickel 0.0E+0 mg/m3 0.0E+00 (mg/m3) 2.6E-04 (ug/m3)-1 - - 0.0E+00 (mg/m3) 9.0E-05 (mg/m3) --

Thallium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Vanadium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Nitrate 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Exp. Route Total 1.2E-09 0.0007

Exposure Point Total 1.2E-09 0.0007

Exposure Medium Total 1.2E-09 0.0007

Medium Total 2.3E-07 0.04

Total of Receptor Risks Across All Media  1.4E-06 Total of Receptor Hazards Across All Media  0.3
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TABLE F.4.9.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface Soil Surface Soil Zone 4 Ingestion Benzo(a)anthracene 5.30 mg/kg 1.9E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.4E-06 5.2E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 4.30 mg/kg 1.5E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.1E-05 4.2E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 4.30 mg/kg 1.5E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.1E-06 4.2E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.50 mg/kg 5.2E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.8E-06 1.5E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 3.40 mg/kg 1.2E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 8.7E-07 3.3E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 3.30 mg/kg 1.2E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 3.2E-06 (mg/kg/day) 4.0E-04 (mg/kg/day) 0.008

Arsenic 4.20 mg/kg 1.5E-06 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 2.2E-06 4.1E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.01

Lead 1,840 mg/kg 6.4E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.8E-03 (mg/kg/day) NA (mg/kg/day) --

Exp. Route Total 2.0E-05 0.02

Dermal Benzo(a)anthracene 5.30 mg/kg 1.6E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.2E-06 4.4E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 4.30 mg/kg 1.3E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 9.4E-06 3.6E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 4.30 mg/kg 1.3E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 9.4E-07 3.6E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.50 mg/kg 4.5E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.3E-06 1.3E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 3.40 mg/kg 1.0E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 7.4E-07 2.9E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 3.30 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 4.20 mg/kg 2.9E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 4.4E-07 8.1E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.003

Lead 1,840 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Exp. Route Total 1.6E-05 0.003

Exposure Point Total 3.6E-05 0.02

Exposure Medium Total 3.6E-05 0.02

Medium Total 3.6E-05 0.02

Total of Receptor Risks Across All Media  3.6E-05 Total of Receptor Hazards Across All Media  0.02

12/16/2011



PAGE 1 OF 1

TABLE F.4.10.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 4 Ingestion Benzo(a)anthracene 4.23 mg/kg 1.5E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.1E-06 4.1E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.33 mg/kg 8.1E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 5.9E-06 2.3E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 2.33 mg/kg 8.1E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.9E-07 2.3E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.22 mg/kg 4.3E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.1E-06 1.2E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.85 mg/kg 6.5E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 4.7E-07 1.8E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 1.51 mg/kg 5.3E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.5E-06 (mg/kg/day) 4.0E-04 (mg/kg/day) 0.004

Arsenic 3.33 mg/kg 1.2E-06 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.7E-06 3.3E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.01

Lead 1,256 mg/kg 4.4E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.2E-03 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 139 mg/kg 4.9E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.4E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.0010

Exp. Route Total 1.3E-05 0.02

Dermal Benzo(a)anthracene 4.23 mg/kg 1.3E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 9.3E-07 3.6E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.33 mg/kg 7.0E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 5.1E-06 2.0E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 2.33 mg/kg 7.0E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.1E-07 2.0E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.22 mg/kg 3.7E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 2.7E-06 1.0E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.85 mg/kg 5.5E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 4.0E-07 1.6E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 1.51 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 3.33 mg/kg 2.3E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 3.5E-07 6.5E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.002

Lead 1,256 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 139 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Exp. Route Total 1.0E-05 0.002

Exposure Point Total 2.3E-05 0.02

Exposure Medium Total 2.3E-05 0.02

Medium Total 2.3E-05 0.02

Total of Receptor Risks Across All Media  2.3E-05 Total of Receptor Hazards Across All Media  0.02

12/16/2011
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TABLE F.4.11.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 4 Ingestion Benzo(a)anthracene 4.23 mg/kg 2.5E-05 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.8E-05 5.4E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.33 mg/kg 1.4E-05 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 9.9E-05 3.0E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 2.33 mg/kg 1.4E-05 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 9.9E-06 3.0E-05 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.22 mg/kg 7.1E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 5.2E-05 1.6E-05 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.85 mg/kg 1.1E-05 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 7.9E-06 2.4E-05 (mg/kg/day) NA (mg/kg/day) --

Antimony 1.51 mg/kg 1.7E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.9E-05 (mg/kg/day) 4.0E-04 (mg/kg/day) 0.05

Arsenic 3.33 mg/kg 3.6E-06 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 5.5E-06 4.3E-05 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.1

Lead 1,256 mg/kg 1.4E-03 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.6E-02 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 139 mg/kg 1.5E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.8E-03 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.01

Exp. Route Total 1.9E-04 0.2

Dermal Benzo(a)anthracene 4.23 mg/kg 9.0E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 6.6E-06 2.0E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.33 mg/kg 5.0E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.6E-05 1.1E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 2.33 mg/kg 5.0E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.6E-06 1.1E-05 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.22 mg/kg 2.6E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.9E-05 5.7E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.85 mg/kg 3.9E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.9E-06 8.6E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 1.51 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 3.33 mg/kg 3.1E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 4.6E-07 3.6E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.01

Lead 1,256 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 139 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Exp. Route Total 6.9E-05 0.01

Exposure Point Total 2.6E-04 0.2

Exposure Medium Total 2.6E-04 0.2

Medium Total 2.6E-04 0.2

Total of Receptor Risks Across All Media  2.6E-04 Total of Receptor Hazards Across All Media  0.2

12/16/2011
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TABLE F.4.12.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 4 Ingestion Benzo(a)anthracene 4.23 mg/kg 3.6E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.7E-06 5.8E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.33 mg/kg 2.0E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.5E-05 3.2E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 2.33 mg/kg 2.0E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.5E-06 3.2E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.22 mg/kg 1.1E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 7.7E-06 1.7E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.85 mg/kg 1.6E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.2E-06 2.5E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 1.51 mg/kg 7.1E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.1E-06 (mg/kg/day) 4.0E-04 (mg/kg/day) 0.005

Arsenic 3.33 mg/kg 1.6E-06 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 2.3E-06 4.6E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.02

Lead 1,256 mg/kg 5.9E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.7E-03 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 139 mg/kg 6.5E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.9E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.001

Exp. Route Total 3.0E-05 0.02

Dermal Benzo(a)anthracene 4.23 mg/kg 1.9E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.4E-06 3.0E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.33 mg/kg 1.0E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 7.6E-06 1.7E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 2.33 mg/kg 1.0E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 7.6E-07 1.7E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.22 mg/kg 5.4E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 4.0E-06 8.7E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.85 mg/kg 8.3E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 6.0E-07 1.3E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 1.51 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 3.33 mg/kg 1.9E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 2.8E-07 5.5E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.002

Lead 1,256 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 139 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Exp. Route Total 1.5E-05 0.002

Exposure Point Total 4.5E-05 0.02

Exposure Medium Total 4.5E-05 0.02

Medium Total 4.5E-05 0.02

Total of Receptor Risks Across All Media  4.5E-05 Total of Receptor Hazards Across All Media  0.02

12/16/2011
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TABLE F.4.8.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 4 Ingestion Benzo(a)anthracene 4.23 mg/kg 3.1E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 2.3E-08 2.2E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.33 mg/kg 1.7E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 1.3E-07 1.2E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 2.33 mg/kg 1.7E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.3E-08 1.2E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.22 mg/kg 9.0E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 6.6E-08 6.3E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.85 mg/kg 1.4E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.0E-08 9.6E-07 (mg/kg/day) NA (mg/kg/day) --

Antimony 1.51 mg/kg 1.1E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 7.8E-07 (mg/kg/day) 4.0E-04 (mg/kg/day) 0.002

Arsenic 3.33 mg/kg 2.5E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 3.7E-08 1.7E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.006

Lead 1,256 mg/kg 9.3E-06 (mg/kg/day) NA (mg/kg/day)-1 - - 6.5E-04 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 139 mg/kg 1.0E-06 (mg/kg/day) NA (mg/kg/day)-1 - - 7.2E-05 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.0005

Exp. Route Total 2.7E-07 0.008

Dermal Benzo(a)anthracene 4.23 mg/kg 8.1E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 5.9E-09 5.7E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.33 mg/kg 4.5E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 3.3E-08 3.1E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 2.33 mg/kg 4.5E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 3.3E-09 3.1E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.22 mg/kg 2.3E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 1.7E-08 1.6E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.85 mg/kg 3.6E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 2.6E-09 2.5E-07 (mg/kg/day) NA (mg/kg/day) --

Antimony 1.51 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 3.33 mg/kg 1.5E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 2.2E-09 1.0E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0003

Lead 1,256 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 139 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Exp. Route Total 6.4E-08 0.0003

Exposure Point Total 3.4E-07 0.009

Exposure Medium Total 3.4E-07 0.009

Air Zone 4 Inhalation Benzo(a)anthracene 3.1E-6 mg/m3 3.2E-09 (mg/m3) 1.1E-04 (ug/m3)-1 3.5E-10 2.3E-07 (mg/m3) NA (mg/m3) --

Benzo(a)pyrene 1.7E-6 mg/m3 1.8E-09 (mg/m3) 1.1E-03 (ug/m3)-1 2.0E-09 1.2E-07 (mg/m3) NA (mg/m3) --

Benzo(b)fluoranthene 1.7E-6 mg/m3 1.8E-09 (mg/m3) 1.1E-04 (ug/m3)-1 2.0E-10 1.2E-07 (mg/m3) NA (mg/m3) --

Dibenzo(a,h)anthracene 8.9E-7 mg/m3 9.3E-10 (mg/m3) 1.2E-03 (ug/m3)-1 1.1E-09 6.5E-08 (mg/m3) NA (mg/m3) --

Indeno(1,2,3-cd)pyrene 1.4E-6 mg/m3 1.4E-09 (mg/m3) 1.1E-04 (ug/m3)-1 1.6E-10 9.9E-08 (mg/m3) NA (mg/m3) --

Antimony 1.1E-6 mg/m3 1.2E-09 (mg/m3) NA (ug/m3)-1 - - 8.1E-08 (mg/m3) 0.0E+00 (mg/m3) --

Arsenic 2.4E-6 mg/m3 2.5E-09 (mg/m3) 4.3E-03 (ug/m3)-1 1.1E-08 1.8E-07 (mg/m3) 1.5E-05 (mg/m3) 0.01

Lead 9.2E-4 mg/m3 9.6E-07 (mg/m3) NA (ug/m3)-1 - - 6.7E-05 (mg/m3) NA (mg/m3) --

Manganese (Soil) 1.0E-4 mg/m3 1.1E-07 (mg/m3) NA (ug/m3)-1 - - 7.4E-06 (mg/m3) 5.0E-05 (mg/m3) 0.1

Exp. Route Total 1.5E-08 0.2

Exposure Point Total 1.5E-08 0.2

Exposure Medium Total 1.5E-08 0.2

Medium Total 3.5E-07 0.2
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TABLE F.4.8.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Groundwater Zone 4 Dermal 1,1-Dichloroethane 3.12 ug/L 1.6E-09 (mg/kg/day) 5.7E-03 (mg/kg/day)-1 9.1E-12 1.1E-07 (mg/kg/day) 2.0E-01 (mg/kg/day) 0.0000006

1,1-Dichloroethene 5.1 ug/L 4.4E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 3.1E-07 (mg/kg/day) 5.0E-02 (mg/kg/day) 0.000006

Ethylbenzene 2.55 ug/L 9.3E-09 (mg/kg/day) 1.1E-02 (mg/kg/day)-1 1.0E-10 6.5E-07 (mg/kg/day) 1.0E-01 (mg/kg/day) 0.000007

Methylene Chloride 2.38 ug/L 6.1E-10 (mg/kg/day) 7.5E-03 (mg/kg/day)-1 4.6E-12 4.3E-08 (mg/kg/day) 6.0E-02 (mg/kg/day) 0.0000007

Total Xylenes 4.1 ug/L 1.4E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 9.7E-07 (mg/kg/day) 2.0E-01 (mg/kg/day) 0.000005

Vinyl Chloride 3.04 ug/L 1.2E-09 (mg/kg/day) 7.2E-01 (mg/kg/day)-1 8.3E-10 8.1E-08 (mg/kg/day) 3.0E-03 (mg/kg/day) 0.00003

Benzo(a)anthracene 1.00 ug/L 0.0E+00 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.800 ug/L 0.0E+00 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.600 ug/L 0.0E+00 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 1.00 ug/L 1.2E-07 (mg/kg/day) 7.3E-02 (mg/kg/day)-1 8.6E-09 8.2E-06 (mg/kg/day) NA (mg/kg/day) --

Bis(2-ethylhexyl)phthalate 3.23 ug/L 2.8E-08 (mg/kg/day) 1.4E-02 (mg/kg/day)-1 4.0E-10 2.0E-06 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.00010

Indeno(1,2,3-cd)pyrene 0.700 ug/L 9.2E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 6.7E-08 6.4E-06 (mg/kg/day) NA (mg/kg/day) --

Naphthalene 2.85 ug/L 1.1E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 7.7E-07 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.00004

Antimony 4.81 ug/L 2.7E-10 (mg/kg/day) NA (mg/kg/day)-1 - - 1.9E-08 (mg/kg/day) 6.0E-05 (mg/kg/day) 0.0003

Arsenic 1.3 ug/L 6.9E-11 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 1.0E-10 4.8E-09 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.00002

Boron 787 ug/L 4.4E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 3.0E-06 (mg/kg/day) 2.0E-01 (mg/kg/day) 0.00002

Cadmium (Water) 1.35 ug/L 7.5E-11 (mg/kg/day) NA (mg/kg/day)-1 - - 5.2E-09 (mg/kg/day) 2.5E-05 (mg/kg/day) 0.0002

Chromium 3.4 ug/L 3.8E-10 (mg/kg/day) NA (mg/kg/day)-1 - - 2.6E-08 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.000001

Lead 15.2 ug/L 8.4E-10 (mg/kg/day) NA (mg/kg/day)-1 - - 5.9E-08 (mg/kg/day) NA (mg/kg/day) --

Manganese (Water) 1,980 ug/L 1.1E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 7.7E-06 (mg/kg/day) 9.6E-04 (mg/kg/day) 0.008

Nickel 8.6 ug/L 9.5E-11 (mg/kg/day) NA (mg/kg/day)-1 - - 6.7E-09 (mg/kg/day) 8.0E-04 (mg/kg/day) 0.000008

Thallium 2.24 ug/L 1.2E-10 (mg/kg/day) NA (mg/kg/day)-1 - - 8.7E-09 (mg/kg/day) NA (mg/kg/day) --

Vanadium 4.7 ug/L 2.6E-10 (mg/kg/day) NA (mg/kg/day)-1 - - 1.8E-08 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.000004

Nitrate 1,490 ug/L 8.2E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 5.8E-07 (mg/kg/day) 1.6E+00 (mg/kg/day) 0.0000004

Exp. Route Total 7.7E-08 0.009

Exposure Point Total 7.7E-08 0.009

Exposure Medium Total 7.7E-08 0.009

Air Zone 4 Inhalation 1,1-Dichloroethane 1.2E-4 mg/m3 5.6E-09 (mg/m3) 1.6E-06 (ug/m3)-1 9.0E-12 3.9E-07 (mg/m3) NA (mg/m3) --

1,1-Dichloroethene 0.000 mg/m3 9.4E-09 (mg/m3) NA (ug/m3)-1 - - 6.5E-07 (mg/m3) 2.0E-01 (mg/m3) 0.000003

Ethylbenzene 9.1E-5 mg/m3 4.5E-09 (mg/m3) 2.5E-06 (ug/m3)-1 1.1E-11 3.1E-07 (mg/m3) 1.0E+00 (mg/m3) 0.0000003

Methylene Chloride 9.4E-5 mg/m3 4.6E-09 (mg/m3) 4.7E-07 (ug/m3)-1 2.2E-12 3.2E-07 (mg/m3) 1.0E+00 (mg/m3) 0.0000003

Total Xylenes 1.5E-4 mg/m3 7.1E-09 (mg/m3) NA (ug/m3)-1 - - 5.0E-07 (mg/m3) 1.0E-01 (mg/m3) 0.000005

Vinyl Chloride 1.4E-4 mg/m3 7.0E-09 (mg/m3) 4.4E-06 (ug/m3)-1 3.1E-11 4.9E-07 (mg/m3) 1.0E-01 (mg/m3) 0.000005

Benzo(a)anthracene 0.0E+0 mg/m3 0.0E+00 (mg/m3) 1.1E-04 (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Benzo(a)pyrene 0.0E+0 mg/m3 0.0E+00 (mg/m3) 1.1E-03 (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Benzo(b)fluoranthene 0.0E+0 mg/m3 0.0E+00 (mg/m3) 1.1E-04 (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Benzo(k)fluoranthene 0.0E+0 mg/m3 0.0E+00 (mg/m3) 1.1E-04 (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Bis(2-ethylhexyl)phthalate 0.0E+0 mg/m3 0.0E+00 (mg/m3) 2.4E-06 (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Indeno(1,2,3-cd)pyrene 0.0E+0 mg/m3 0.0E+00 (mg/m3) 1.1E-04 (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Naphthalene 8.3E-5 mg/m3 4.0E-09 (mg/m3) 3.4E-05 (ug/m3)-1 1.4E-10 2.8E-07 (mg/m3) 3.0E-03 (mg/m3) 0.00009

Antimony 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 0.0E+00 (mg/m3) --

Arsenic 0.0E+0 mg/m3 0.0E+00 (mg/m3) 4.3E-03 (ug/m3)-1 - - 0.0E+00 (mg/m3) 1.5E-05 (mg/m3) --

Boron 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 2.0E-02 (mg/m3) --

Cadmium (Water) 0.0E+0 mg/m3 0.0E+00 (mg/m3) 1.8E-03 (ug/m3)-1 - - 0.0E+00 (mg/m3) 1.0E-05 (mg/m3) --

Chromium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --
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TABLE F.4.8.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Air Zone 4 Inhalation Lead 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Manganese (Water) 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Nickel 0.0E+0 mg/m3 0.0E+00 (mg/m3) 2.6E-04 (ug/m3)-1 - - 0.0E+00 (mg/m3) 9.0E-05 (mg/m3) --

Thallium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Vanadium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Nitrate 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Exp. Route Total 1.9E-10 0.0001

Exposure Point Total 1.9E-10 0.0001

Exposure Medium Total 1.9E-10 0.0001

Medium Total 7.7E-08 0.009

Total of Receptor Risks Across All Media  4.3E-07 Total of Receptor Hazards Across All Media  0.2
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TABLE F.4.9.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface Soil Surface Soil Zone 4 Ingestion Benzo(a)anthracene 5.30 mg/kg 2.9E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.1E-07 2.3E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 4.30 mg/kg 2.4E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.7E-06 1.8E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 4.30 mg/kg 2.4E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.7E-07 1.8E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.50 mg/kg 8.3E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 6.0E-07 6.4E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 3.40 mg/kg 1.9E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.4E-07 1.5E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 3.30 mg/kg 1.8E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.4E-06 (mg/kg/day) 4.0E-04 (mg/kg/day) 0.004

Arsenic 4.20 mg/kg 2.3E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 3.5E-07 1.8E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.006

Lead 1,840 mg/kg 1.0E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 7.9E-04 (mg/kg/day) NA (mg/kg/day) --

Exp. Route Total 3.2E-06 0.010

Dermal Benzo(a)anthracene 5.30 mg/kg 5.0E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.7E-08 3.9E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 4.30 mg/kg 4.1E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.0E-07 3.2E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 4.30 mg/kg 4.1E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.0E-08 3.2E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.50 mg/kg 1.4E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.0E-07 1.1E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 3.40 mg/kg 3.2E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.3E-08 2.5E-07 (mg/kg/day) NA (mg/kg/day) --

Antimony 3.30 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 4.20 mg/kg 9.2E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.4E-08 7.1E-08 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0002

Lead 1,840 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Exp. Route Total 5.0E-07 0.0002

Exposure Point Total 3.7E-06 0.010

Exposure Medium Total 3.7E-06 0.010

Medium Total 3.7E-06 0.010

Total of Receptor Risks Across All Media  3.7E-06 Total of Receptor Hazards Across All Media  0.010
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TABLE F.4.10.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 4 Ingestion Benzo(a)anthracene 4.23 mg/kg 2.3E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.7E-07 1.8E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.33 mg/kg 1.3E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 9.4E-07 1.0E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 2.33 mg/kg 1.3E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 9.4E-08 1.0E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.22 mg/kg 6.7E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 4.9E-07 5.2E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.85 mg/kg 1.0E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 7.4E-08 7.9E-07 (mg/kg/day) NA (mg/kg/day) --

Antimony 1.51 mg/kg 8.3E-08 (mg/kg/day) NA (mg/kg/day)
-1 - - 6.5E-07 (mg/kg/day) 4.0E-04 (mg/kg/day) 0.002

Arsenic 3.33 mg/kg 1.8E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 2.8E-07 1.4E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.005

Lead 1,256 mg/kg 6.9E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 5.4E-04 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 139 mg/kg 7.7E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 6.0E-05 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.0004

Exp. Route Total 2.0E-06 0.007

Dermal Benzo(a)anthracene 4.23 mg/kg 4.0E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.9E-08 3.1E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.33 mg/kg 2.2E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.6E-07 1.7E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 2.33 mg/kg 2.2E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.6E-08 1.7E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.22 mg/kg 1.2E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 8.4E-08 9.0E-08 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.85 mg/kg 1.7E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.3E-08 1.4E-07 (mg/kg/day) NA (mg/kg/day) --

Antimony 1.51 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 3.33 mg/kg 7.3E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.1E-08 5.7E-08 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0002

Lead 1,256 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 139 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Exp. Route Total 3.1E-07 0.0002

Exposure Point Total 2.4E-06 0.007

Exposure Medium Total 2.4E-06 0.007

Medium Total 2.4E-06 0.007

Total of Receptor Risks Across All Media  2.4E-06 Total of Receptor Hazards Across All Media  0.007
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TABLE F.4.11.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 4 Ingestion Benzo(a)anthracene 4.23 mg/kg 5.2E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.8E-07 1.8E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.33 mg/kg 2.8E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 2.1E-06 1.0E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 2.33 mg/kg 2.8E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.1E-07 1.0E-05 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.22 mg/kg 1.5E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.1E-06 5.2E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.85 mg/kg 2.3E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.6E-07 7.9E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 1.51 mg/kg 1.8E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 6.5E-06 (mg/kg/day) 4.0E-04 (mg/kg/day) 0.02

Arsenic 3.33 mg/kg 4.1E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 6.1E-07 1.4E-05 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.05

Lead 1,256 mg/kg 1.5E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 5.4E-03 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 139 mg/kg 1.7E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 5.9E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.004

Exp. Route Total 4.5E-06 0.07

Dermal Benzo(a)anthracene 4.23 mg/kg 7.5E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.5E-08 2.6E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.33 mg/kg 4.1E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.0E-07 1.4E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 2.33 mg/kg 4.1E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.0E-08 1.4E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.22 mg/kg 2.2E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.6E-07 7.6E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.85 mg/kg 3.3E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.4E-08 1.2E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 1.51 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 3.33 mg/kg 1.4E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 2.0E-08 4.8E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.002

Lead 1,256 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 139 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Exp. Route Total 5.9E-07 0.002

Exposure Point Total 5.1E-06 0.07

Exposure Medium Total 5.1E-06 0.07

Medium Total 5.1E-06 0.07

Total of Receptor Risks Across All Media  5.1E-06 Total of Receptor Hazards Across All Media  0.07
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TABLE F.4.12.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 4 Ingestion Benzo(a)anthracene 4.23 mg/kg 1.9E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.4E-07 1.9E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.33 mg/kg 1.1E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 7.8E-07 1.1E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 2.33 mg/kg 1.1E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 7.8E-08 1.1E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.22 mg/kg 5.6E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 4.1E-07 5.6E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.85 mg/kg 8.5E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 6.2E-08 8.5E-07 (mg/kg/day) NA (mg/kg/day) --

Antimony 1.51 mg/kg 6.9E-08 (mg/kg/day) NA (mg/kg/day)
-1 - - 6.9E-07 (mg/kg/day) 4.0E-04 (mg/kg/day) 0.002

Arsenic 3.33 mg/kg 1.5E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 2.3E-07 1.5E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.005

Lead 1,256 mg/kg 5.8E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 5.8E-04 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 139 mg/kg 6.4E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 6.4E-05 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.0005

Exp. Route Total 1.7E-06 0.01

Dermal Benzo(a)anthracene 4.23 mg/kg 2.9E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.1E-08 2.9E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.33 mg/kg 1.6E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.2E-07 1.6E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 2.33 mg/kg 1.6E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.2E-08 1.6E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.22 mg/kg 8.3E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 6.0E-08 8.3E-08 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.85 mg/kg 1.3E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 9.2E-09 1.3E-07 (mg/kg/day) NA (mg/kg/day) --

Antimony 1.51 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 3.33 mg/kg 5.2E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 7.8E-09 5.2E-08 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0002

Lead 1,256 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 139 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Exp. Route Total 2.3E-07 0.0002

Exposure Point Total 1.9E-06 0.01

Exposure Medium Total 1.9E-06 0.01

Medium Total 1.9E-06 0.01

Total of Receptor Risks Across All Media  1.9E-06 Total of Receptor Hazards Across All Media  0.01
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TABLE F.5.1.RME

EXPOSURE POINT CONCENTRATION SUMMARY

REASONABLE MAXIMUM EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Surface Soil

Exposure Medium: Surface Soil

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Zone 5 Benzo(a)anthracene mg/kg 2.64 27 (NP) 0.23 J 0.23 mg/kg Maximum Detected Concentration (1)

Benzo(b)fluoranthene mg/kg 2.64 27 (NP) 0.2 J 0.2 mg/kg Maximum Detected Concentration (1)

Arsenic mg/kg 1.01 1.48 (N) 1.5 1.5 mg/kg Maximum Detected Concentration (1)

Vanadium mg/kg 10.7 15.6 (N) 15.6 15.6 mg/kg Maximum Detected Concentration (1)

1 - There were only 4 samples therefore the maximum detected concentration was used as the exposure point concentration.

Exposure point concentrations for the RME scenarios are also the exposure point concentrations for the CTE scenarios.
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TABLE F.5.2.RME

EXPOSURE POINT CONCENTRATION SUMMARY

REASONABLE MAXIMUM EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Surface/Subsurface Soil

Exposure Medium: Surface/Subsurface Soil

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Zone 5 2-Methylnaphthalene mg/kg 2.93 4.12 (G) 23 4.12 mg/kg 95% KM (t) UCL ProUCL 4.00.05

Benzo(a)anthracene mg/kg 1.49 0.23 (G) 0.7 0.23 mg/kg 95% KM (t) UCL ProUCL 4.00.05

Benzo(a)pyrene mg/kg 1.46 0.27 (G) 1.1 0.27 mg/kg 95% KM (t) UCL ProUCL 4.00.05

Benzo(b)fluoranthene mg/kg 1.46 0.29 (G) 1.2 0.29 mg/kg 95% KM (t) UCL ProUCL 4.00.05

Dibenzo(a,h)anthracene mg/kg 1.47 0.092 (N) 0.12 J 0.092 mg/kg 95% KM (t) UCL ProUCL 4.00.05

Indeno(1,2,3-cd)pyrene mg/kg 1.47 0.16 (G) 0.53 0.16 mg/kg 95% KM (t) UCL ProUCL 4.00.05

Naphthalene mg/kg 1.50 2.44 (L) 4.5 J 2.44 mg/kg 99% KM (Chebyshev) UCL ProUCL 4.00.05

Arsenic mg/kg 1.28 1.58 (N) 3.5 1.58 mg/kg Student-t ProUCL 4.00.05

Manganese mg/kg 114 139 (G) 300 139 mg/kg Approximate Gamma 95% UCL ProUCL 4.00.05

Vanadium mg/kg 11.2 12.7 (N) 21.3 12.7 mg/kg Student-t ProUCL 4.00.05

G = Gamma

NP = Non-parametric

N = Normal

Exposure point concentrations for the RME scenarios are also the exposure point concentrations for the CTE scenarios.
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TABLE F.5.3.RME

EXPOSURE POINT CONCENTRATION SUMMARY

REASONABLE MAXIMUM EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Groundwater

Exposure Medium: Groundwater

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Zone 5 Ethylbenzene ug/L 1.67 (1) 4 4 ug/L Maximum Detected Concentration (2)

2-Methylnaphthalene ug/L 33.0 (1) 75 75 ug/L Maximum Detected Concentration (2)

Naphthalene ug/L 27.9 (1) 73 73 ug/L Maximum Detected Concentration (2)

Arsenic ug/L 2.79 (1) 5.76 5.76 ug/L Maximum Detected Concentration (2)

Manganese ug/L 1657 (1) 4140 4140 ug/L Maximum Detected Concentration (2)

1 - There were an insufficient number of samples to calculate statistics.

2 - The maximum detected concentration is used as the exposure point concentration for groundwater.
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TABLE F.5.3.CTE

EXPOSURE POINT CONCENTRATION SUMMARY

CENTRAL TENDENCY EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Groundwater

Exposure Medium: Groundwater

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Zone 5 Ethylbenzene ug/L 1.67 (1) 4 1.67 ug/L Arithmetic Mean (2)

2-Methylnaphthalene ug/L 33.0 (1) 75 33.0 ug/L Arithmetic Mean (2)

Naphthalene ug/L 27.9 (1) 73 27.9 ug/L Arithmetic Mean (2)

Arsenic ug/L 2.79 (1) 5.76 2.79 ug/L Arithmetic Mean (2)

Manganese ug/L 1657 (1) 4140 1657 ug/L Arithmetic Mean (2)

1 - There were an insufficient number of samples to calculate statistics.

2 - Mean concentration is used as the exposure point concentration for groundwater.
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TABLE F.5.4

NON-CANCER TOXICITY DATA -- ORAL/DERMAL

NSB-NLON, GROTON, CONNECTICUT

Chemical Chronic/ Oral RfD Oral Absorption Absorbed RfD for Dermal
(2)

Primary Combined RfD:Target Organ(s)

of  Potential Subchronic Efficiency Target Uncertainty/Modifying

Concern Value Units for Dermal
(1)

Value Units Organ(s) Factors Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

Ethylbenzene Chronic 1.0E-01 mg/kg/day 1 1.0E-01 mg/kg/day Liver, Kidney 1000/1 IRIS 2/1/2011

Semivolatile Organic Compounds

2-Methylnaphthalene Chronic 4.0E-03 mg/kg/day 1 4.0E-03 mg/kg/day Lungs 1000/1 IRIS 2/1/2011

Benzo(a)anthracene NA NA NA 1 NA NA NA NA NA NA

Benzo(a)pyrene NA NA NA 1 NA NA NA NA NA NA

Benzo(b)fluoranthene NA NA NA 1 NA NA NA NA NA NA

Dibenzo(a,h)anthracene NA NA NA 1 NA NA NA NA NA NA

Indeno(1,2,3-cd)pyrene NA NA NA 1 NA NA NA NA NA NA

Naphthalene Chronic 2.0E-02 mg/kg/day 1 2.0E-02 mg/kg/day Body Weight 3000/1 IRIS 2/1/2011

Inorganics

Arsenic Chronic 3.0E-04 mg/kg/day 1 3.0E-04 mg/kg/day Skin, CVS 3/1 IRIS 2/1/2011

Manganese (soil) Chronic 1.4E-01 mg/kg/day 1 1.4E-01 mg/kg/day CNS 1/1 IRIS 2/1/2011

Manganese (water) Chronic 2.4E-02 mg/kg/day 0.04 9.6E-04 mg/kg/day CNS 1/3 IRIS 2/1/2011

Notes: Definitions:

1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for CNS = Central Nervous System

        Dermal Risk Assessment) Interim. EPA/540/R/99/005. CVS = Cardiovascular system

2 -  Adjusted dermal RfD = Oral RfD x Oral Absorption Efficiency for Dermal. IRIS = Integrated Risk Information System

NA = Not Available
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TABLE F.5.5

NON-CANCER TOXICITY DATA -- INHALATION

NSB-NLON, GROTON, CONNECTICUT

Chemical Chronic/ Inhalation RfC Extrapolated RfD
(1)

Primary Combined RfC : Target Organ(s)

of  Potential Subchronic Target Uncertainty/Modifying

Concern Value Units Value Units Organ(s) Factors Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

Ethylbenzene Chronic 1.0E+00 mg/m
3

2.9E-01 (mg/kg/day) Developmental 300/1 IRIS 2/1/2011

Semivolatile Organic Compounds

2-Methylnaphthalene NA NA NA NA NA NA NA NA NA

Benzo(a)anthracene NA NA NA NA NA NA NA NA NA

Benzo(a)pyrene NA NA NA NA NA NA NA NA NA

Benzo(b)fluoranthene NA NA NA NA NA NA NA NA NA

Dibenzo(a,h)anthracene NA NA NA NA NA NA NA NA NA

Indeno(1,2,3-cd)pyrene NA NA NA NA NA NA NA NA NA

Naphthalene Chronic 3.0E-03 mg/m
3

8.6E-04 (mg/kg/day) Nasal 3000/1 IRIS 2/1/2011

Inorganics

Arsenic Chronic 1.5E-05 mg/m
3

4.3E-06 (mg/kg/day) NA NA Cal EPA 9/2009

Manganese Chronic 5.0E-05 mg/m
3

1.4E-05 (mg/kg/day) CNS 1000/1 IRIS 2/1/2011

Notes: Definitions:

1  - Extrapolated RfD = RfC *20m
3
/day / 70 kg ATSDR = Agency for Toxic Substances and Disease Registry

Cal EPA = California Environmental Protection Agency

CNS = Central Nervous System

IRIS = Integrated Risk Information System

NA = Not Applicable
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TABLE F.5.6

CANCER TOXICITY DATA -- ORAL/DERMAL

NSB-NLON, GROTON, CONNECTICUT

Chemical Oral Cancer Slope Factor Oral Absorption Absorbed Cancer Slope Factor Weight of Evidence/ Oral CSF

of Potential  Efficiency for Dermal
(2) Cancer Guideline  

Concern Value Units for Dermal
(1)

Value Units Description Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

Ethylbenzene 1.1E-02 (mg/kg/day)
-1

1 1.1E-02 (mg/kg/day)
-1

D Cal EPA 11/2007

Semivolatile Organic Compounds

2-Methylnaphthalene NA NA 1 NA NA NA NA NA

Benzo(a)anthracene
(3)

7.3E-01 (mg/kg/day)
-1

1 7.3E-01 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Benzo(a)pyrene
(3)

7.3E+00 (mg/kg/day)
-1

1 7.3E+00 (mg/kg/day)
-1

B2 IRIS 2/1/2011

Benzo(b)fluoranthene
(3)

7.3E-01 (mg/kg/day)
-1

1 7.3E-01 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Dibenzo(a,h)anthracene
(3)

7.3E+00 (mg/kg/day)
-1

1 7.3E+00 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Indeno(1,2,3-cd)pyrene
(3)

7.3E-01 (mg/kg/day)
-1

1 7.3E-01 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Naphthalene NA NA 1 NA NA C IRIS 2/1/2011

Inorganics

Arsenic 1.5E+00 (mg/kg/day)
-1

1 1.5E+00 (mg/kg/day)
-1

A IRIS 2/1/2011

Manganese NA NA 0.04 NA NA D IRIS 2/1/2011

Notes:

1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Interim. EPA/540/R/99/005.

2 -  Adjusted cancer slope factor for dermal = Oral cancer slope factor / Oral Absorption Efficiency for Dermal.

3 - The carcinogenic PAHs are considered to act via the mutagenic mode of action.  These chemicals are evaluated in accordance with USEPA's Supplemental Guidance for Assessing 

      Susceptibility from Early-Life Exposure to Carcinogens (2005).

Definitions:

USEPA(1) = U.S. EPA,  Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons, July 1993, EPA/600/R-93/089.

Cal EPA = California Environmental Protection Agency.

IRIS = Integrated Risk Information System.

NA = Not Available.

EPA Group:

     A - Human carcinogen.

     B1 - Probable human carcinogen - indicates that limited human data are available.

     B2 - Probable human carcinogen - indicates sufficient evidence in animals and inadequate or no evidence in humans .

     C - Possible human carcinogen.

     D - Not classifiable as a human carcinogen.
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TABLE F.5.7

CANCER TOXICITY DATA -- INHALATION

NSB-NLON, GROTON, CONNECTICUT

Chemical Unit Risk Inhalation Cancer Weight of Evidence/ Unit Risk : Inhalation CSF

of Potential Slope Factor
(1)

Cancer Guideline  

Concern Value Units Value Units Description Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

Ethylbenzene 2.5E-06 (ug/m
3
)
-1

8.8E-03 (mg/kg/day)
-1

D Cal EPA 11/2007

Semivolatile Organic Compounds

2-Methylnaphthalene NA NA NA NA NA NA NA

Benzo(a)anthracene
(2)

1.1E-04 (ug/m
3
)
-1

3.9E-01 (mg/kg/day)
-1

NA Cal EPA 9/2009

Benzo(a)pyrene
(2)

1.1E-03 (ug/m
3
)
-1

3.9E+00 (mg/kg/day)
-1

NA Cal EPA 9/2009

Benzo(b)fluoranthene
(2)

1.1E-04 (ug/m
3
)
-1

3.9E-01 (mg/kg/day)
-1

NA Cal EPA 9/2009

Dibenzo(a,h)anthracene
(2)

1.2E-03 (ug/m
3
)
-1

4.2E+00 (mg/kg/day)
-1

NA Cal EPA 9/2009

Indeno(1,2,3-cd)pyrene
(2)

1.1E-04 (ug/m
3
)
-1

3.9E-01 (mg/kg/day)
-1

NA Cal EPA 9/2009

Naphthalene 3.4E-05 (ug/m
3
)
-1

1.2E-01 (mg/kg/day)
-1

C Cal EPA 8/2004

Inorganics

Arsenic 4.3E-03 (ug/m
3
)
-1

1.5E+01 (mg/kg/day)
-1

A IRIS 2/1/2011

Manganese NA NA NA NA D IRIS 2/1/2011

Notes:

1 - Inhalation CSF = Unit Risk * 70 kg / 20m
3
/day.

2 - The carcinogenic PAHs are considered to act via the mutagenic mode of action.  These chemicals are evaluated in accordance with USEPA's Supplemental Guidance

       for Assessing Susceptibility from Early-Life Exposure to Carcinogens (2005).

Definitions:

Cal EPA = California Environmental Protection Agency. EPA Group:

IRIS = Integrated Risk Information System.      A - Human carcinogen.

NA = Not Available.      B1 - Probable human carcinogen - indicates that limited human data are available.

     B2 - Probable human carcinogen - indicates sufficient evidence in animals and 

              inadequate or no evidence in humans .

     C - Possible human carcinogen.

     D - Not classifiable as a human carcinogen.
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TABLE F.5.8.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 5 Ingestion 2-Methylnaphthalene 4.12 mg/kg 9.1E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 6.4E-06 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.002

Benzo(a)anthracene 0.230 mg/kg 5.1E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 3.7E-09 3.6E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.270 mg/kg 6.0E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 4.4E-08 4.2E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.290 mg/kg 6.4E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 4.7E-09 4.5E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.092 mg/kg 2.0E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 1.5E-08 1.4E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 0.160 mg/kg 3.5E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 2.6E-09 2.5E-07 (mg/kg/day) NA (mg/kg/day) --

Naphthalene 2.44 mg/kg 5.4E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 3.8E-06 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.0002

Arsenic 1.58 mg/kg 3.5E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 5.2E-08 2.4E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.008

Manganese (Soil) 139 mg/kg 3.1E-06 (mg/kg/day) NA (mg/kg/day)-1 - - 2.2E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.002

Vanadium 12.7 mg/kg 2.8E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 2.0E-05 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.004

Exp. Route Total 1.2E-07 0.02

Dermal 2-Methylnaphthalene 4.12 mg/kg 2.7E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 1.9E-06 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.0005

Benzo(a)anthracene 0.230 mg/kg 2.0E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.4E-09 1.4E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.270 mg/kg 2.3E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 1.7E-08 1.6E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.290 mg/kg 2.5E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.8E-09 1.8E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.092 mg/kg 7.9E-10 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 5.8E-09 5.6E-08 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 0.160 mg/kg 1.4E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.0E-09 9.7E-08 (mg/kg/day) NA (mg/kg/day) --

Naphthalene 2.44 mg/kg 2.1E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 1.5E-06 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.00007

Arsenic 1.58 mg/kg 3.1E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 4.7E-09 2.2E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0007

Manganese (Soil) 139 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Vanadium 12.7 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Exp. Route Total 3.2E-08 0.001

Exposure Point Total 1.5E-07 0.02

Exposure Medium Total 1.5E-07 0.02

Air Zone 5 Inhalation 2-Methylnaphthalene 0.006 mg/m3 9.5E-06 (mg/m3) NA (ug/m3)-1 - - 6.6E-04 (mg/m3) NA (mg/m3) --

Benzo(a)anthracene 1.7E-7 mg/m3 2.6E-10 (mg/m3) 1.1E-04 (ug/m3)-1 2.9E-11 1.8E-08 (mg/m3) NA (mg/m3) --

Benzo(a)pyrene 2.0E-7 mg/m3 3.1E-10 (mg/m3) 1.1E-03 (ug/m3)-1 3.4E-10 2.2E-08 (mg/m3) NA (mg/m3) --

Benzo(b)fluoranthene 2.1E-7 mg/m3 3.3E-10 (mg/m3) 1.1E-04 (ug/m3)-1 3.6E-11 2.3E-08 (mg/m3) NA (mg/m3) --

Dibenzo(a,h)anthracene 6.7E-8 mg/m3 1.1E-10 (mg/m3) 1.2E-03 (ug/m3)-1 1.3E-10 7.4E-09 (mg/m3) NA (mg/m3) --

Indeno(1,2,3-cd)pyrene 1.2E-7 mg/m3 1.8E-10 (mg/m3) 1.1E-04 (ug/m3)-1 2.0E-11 1.3E-08 (mg/m3) NA (mg/m3) --

Naphthalene 0.005 mg/m3 7.1E-06 (mg/m3) 3.4E-05 (ug/m3)-1 2.4E-07 4.9E-04 (mg/m3) 3.0E-03 (mg/m3) 0.2

Arsenic 1.2E-6 mg/m3 1.8E-09 (mg/m3) 4.3E-03 (ug/m3)-1 7.8E-09 1.3E-07 (mg/m3) 1.5E-05 (mg/m3) 0.008

Manganese (Soil) 1.0E-4 mg/m3 1.6E-07 (mg/m3) NA (ug/m3)-1 - - 1.1E-05 (mg/m3) 5.0E-05 (mg/m3) 0.2

Vanadium 9.3E-6 mg/m3 1.5E-08 (mg/m3) NA (ug/m3)-1 - - 1.0E-06 (mg/m3) NA (mg/m3) --

Exp. Route Total 2.5E-07 0.4

Exposure Point Total 2.5E-07 0.4

Exposure Medium Total 2.5E-07 0.4

Medium Total 4.0E-07 0.4

Groundwater Groundwater Zone 5 Dermal Ethylbenzene 4.00 ug/L 4.7E-08 (mg/kg/day) 1.1E-02 (mg/kg/day)-1 5.2E-10 3.3E-06 (mg/kg/day) 1.0E-01 (mg/kg/day) 0.00003

2-Methylnaphthalene 75.0 ug/L 1.7E-06 (mg/kg/day) NA (mg/kg/day)-1 - - 1.2E-04 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.03

Naphthalene 73.0 ug/L 8.8E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 6.1E-05 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.003

Arsenic 5.8 ug/L 1.3E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 1.9E-09 8.9E-08 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0003

Manganese (Water) 4,140 ug/L 9.2E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 6.4E-05 (mg/kg/day) 9.6E-04 (mg/kg/day) 0.07

Exp. Route Total 2.4E-09 0.1

Exposure Point Total 2.4E-09 0.1

Exposure Medium Total 2.4E-09 0.1
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TABLE F.5.8.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Air Zone 5 Inhalation Ethylbenzene 1.4E-4 mg/m3 2.8E-08 (mg/m3) 2.5E-06 (ug/m3)-1 7.0E-11 2.0E-06 (mg/m3) 1.0E+00 (mg/m3) 0.000002

2-Methylnaphthalene 0.002 mg/m3 4.1E-07 (mg/m3) NA (ug/m3)-1 - - 2.9E-05 (mg/m3) NA (mg/m3) --

Naphthalene 0.002 mg/m3 4.1E-07 (mg/m3) 3.4E-05 (ug/m3)-1 1.4E-08 2.9E-05 (mg/m3) 3.0E-03 (mg/m3) 0.010

Arsenic 0.0E+0 mg/m3 0.0E+00 (mg/m3) 4.3E-03 (ug/m3)-1 - - 0.0E+00 (mg/m3) 1.5E-05 (mg/m3) --

Manganese (Water) 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Exp. Route Total 1.4E-08 0.010

Exposure Point Total 1.4E-08 0.010

Exposure Medium Total 1.4E-08 0.010

Medium Total 1.7E-08 0.1

Total of Receptor Risks Across All Media  4.2E-07 Total of Receptor Hazards Across All Media  0.5
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TABLE F.5.9.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface Soil Surface Soil Zone 5 Ingestion Benzo(a)anthracene 0.230 mg/kg 8.0E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.9E-08 2.3E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.200 mg/kg 7.0E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.1E-08 2.0E-07 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.50 mg/kg 5.2E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 7.9E-07 1.5E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.005

Vanadium 15.6 mg/kg 5.5E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.5E-05 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.003

Exp. Route Total 9.0E-07 0.008

Dermal Benzo(a)anthracene 0.230 mg/kg 6.9E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.0E-08 1.9E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.200 mg/kg 6.0E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 4.4E-08 1.7E-07 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.50 mg/kg 1.0E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.6E-07 2.9E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0010

Vanadium 15.6 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Exp. Route Total 2.5E-07 0.0010

Exposure Point Total 1.1E-06 0.009

Exposure Medium Total 1.1E-06 0.009

Medium Total 1.1E-06 0.009

Total of Receptor Risks Across All Media  1.1E-06 Total of Receptor Hazards Across All Media  0.009
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TABLE F.5.10.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 5 Ingestion 2-Methylnaphthalene 4.12 mg/kg 1.4E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 4.0E-06 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.001

Benzo(a)anthracene 0.230 mg/kg 8.0E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.9E-08 2.3E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.270 mg/kg 9.4E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 6.9E-07 2.6E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.290 mg/kg 1.0E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 7.4E-08 2.8E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.092 mg/kg 3.2E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 2.3E-07 9.0E-08 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 0.160 mg/kg 5.6E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 4.1E-08 1.6E-07 (mg/kg/day) NA (mg/kg/day) --

Naphthalene 2.44 mg/kg 8.5E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.4E-06 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.0001

Arsenic 1.58 mg/kg 5.5E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 8.3E-07 1.5E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.005

Manganese (Soil) 139 mg/kg 4.9E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.4E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.0010

Vanadium 12.7 mg/kg 4.4E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.2E-05 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.002

Exp. Route Total 1.9E-06 0.010

Dermal 2-Methylnaphthalene 4.12 mg/kg 9.5E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.7E-06 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.0007

Benzo(a)anthracene 0.230 mg/kg 6.9E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.0E-08 1.9E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.270 mg/kg 8.1E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 5.9E-07 2.3E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.290 mg/kg 8.7E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 6.3E-08 2.4E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.092 mg/kg 2.8E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 2.0E-07 7.7E-08 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 0.160 mg/kg 4.8E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.5E-08 1.3E-07 (mg/kg/day) NA (mg/kg/day) --

Naphthalene 2.44 mg/kg 7.3E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.0E-06 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.0001

Arsenic 1.58 mg/kg 1.1E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.6E-07 3.1E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.001

Manganese (Soil) 139 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Vanadium 12.7 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Exp. Route Total 1.1E-06 0.002

Exposure Point Total 3.0E-06 0.01

Exposure Medium Total 3.0E-06 0.01

Medium Total 3.0E-06 0.01

Total of Receptor Risks Across All Media  3.0E-06 Total of Receptor Hazards Across All Media  0.01
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TABLE F.5.11.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 5 Ingestion 2-Methylnaphthalene 4.12 mg/kg 4.5E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 5.3E-05 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.01

Benzo(a)anthracene 0.230 mg/kg 1.3E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 9.8E-07 2.9E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.270 mg/kg 1.6E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.2E-05 3.5E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.290 mg/kg 1.7E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.2E-06 3.7E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.092 mg/kg 5.4E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.9E-06 1.2E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 0.160 mg/kg 9.4E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 6.8E-07 2.0E-06 (mg/kg/day) NA (mg/kg/day) --

Naphthalene 2.44 mg/kg 2.7E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 3.1E-05 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.002

Arsenic 1.58 mg/kg 1.7E-06 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 2.6E-06 2.0E-05 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.07

Manganese (Soil) 139 mg/kg 1.5E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.8E-03 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.01

Vanadium 12.7 mg/kg 1.4E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.6E-04 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.03

Exp. Route Total 2.1E-05 0.1

Dermal 2-Methylnaphthalene 4.12 mg/kg 1.3E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.5E-05 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.004

Benzo(a)anthracene 0.230 mg/kg 4.9E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.6E-07 1.1E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.270 mg/kg 5.7E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 4.2E-06 1.3E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.290 mg/kg 6.2E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 4.5E-07 1.3E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.092 mg/kg 2.0E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.4E-06 4.3E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 0.160 mg/kg 3.4E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.5E-07 7.4E-07 (mg/kg/day) NA (mg/kg/day) --

Naphthalene 2.44 mg/kg 9.7E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.1E-05 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.0006

Arsenic 1.58 mg/kg 1.5E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 2.2E-07 1.7E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.006

Manganese (Soil) 139 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Vanadium 12.7 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Exp. Route Total 6.9E-06 0.010

Exposure Point Total 2.8E-05 0.1

Exposure Medium Total 2.8E-05 0.1

Medium Total 2.8E-05 0.1

Total of Receptor Risks Across All Media  2.8E-05 Total of Receptor Hazards Across All Media  0.1

12/16/2011
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TABLE F.5.12.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 5 Ingestion 2-Methylnaphthalene 4.12 mg/kg 1.9E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 5.6E-06 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.001

Benzo(a)anthracene 0.230 mg/kg 2.0E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.4E-07 3.2E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.270 mg/kg 2.3E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.7E-06 3.7E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.290 mg/kg 2.5E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.8E-07 4.0E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.092 mg/kg 7.9E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 5.8E-07 1.3E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 0.160 mg/kg 1.4E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.0E-07 2.2E-07 (mg/kg/day) NA (mg/kg/day) --

Naphthalene 2.44 mg/kg 1.1E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 3.3E-06 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.0002

Arsenic 1.58 mg/kg 7.4E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.1E-06 2.2E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.007

Manganese (Soil) 139 mg/kg 6.5E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.9E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.001

Vanadium 12.7 mg/kg 6.0E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.7E-05 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.003

Exp. Route Total 3.8E-06 0.01

Dermal 2-Methylnaphthalene 4.12 mg/kg 7.7E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.3E-06 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.0006

Benzo(a)anthracene 0.230 mg/kg 1.0E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 7.5E-08 1.6E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.270 mg/kg 1.2E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 8.8E-07 1.9E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.290 mg/kg 1.3E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 9.5E-08 2.1E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.092 mg/kg 4.1E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.0E-07 6.5E-08 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 0.160 mg/kg 7.1E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.2E-08 1.1E-07 (mg/kg/day) NA (mg/kg/day) --

Naphthalene 2.44 mg/kg 5.9E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.7E-06 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.00009

Arsenic 1.58 mg/kg 8.9E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.3E-07 2.6E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0009

Manganese (Soil) 139 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Vanadium 12.7 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Exp. Route Total 1.5E-06 0.002

Exposure Point Total 5.4E-06 0.02

Exposure Medium Total 5.4E-06 0.02

Medium Total 5.4E-06 0.02

Total of Receptor Risks Across All Media  5.4E-06 Total of Receptor Hazards Across All Media  0.02

12/16/2011
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TABLE F.5.8.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 5 Ingestion 2-Methylnaphthalene 4.12 mg/kg 3.0E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 2.1E-06 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.0005

Benzo(a)anthracene 0.230 mg/kg 1.7E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.2E-09 1.2E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.270 mg/kg 2.0E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 1.5E-08 1.4E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.290 mg/kg 2.1E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.6E-09 1.5E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.092 mg/kg 6.8E-10 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 5.0E-09 4.8E-08 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 0.160 mg/kg 1.2E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 8.6E-10 8.3E-08 (mg/kg/day) NA (mg/kg/day) --

Naphthalene 2.44 mg/kg 1.8E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 1.3E-06 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.00006

Arsenic 1.58 mg/kg 1.2E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 1.7E-08 8.2E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.003

Manganese (Soil) 139 mg/kg 1.0E-06 (mg/kg/day) NA (mg/kg/day)-1 - - 7.2E-05 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.0005

Vanadium 12.7 mg/kg 9.4E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 6.6E-06 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.001

Exp. Route Total 4.1E-08 0.005

Dermal 2-Methylnaphthalene 4.12 mg/kg 6.1E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 4.3E-07 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.0001

Benzo(a)anthracene 0.230 mg/kg 4.4E-10 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 3.2E-10 3.1E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.270 mg/kg 5.2E-10 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 3.8E-09 3.6E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.290 mg/kg 5.6E-10 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 4.1E-10 3.9E-08 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.092 mg/kg 1.8E-10 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 1.3E-09 1.2E-08 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 0.160 mg/kg 3.1E-10 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 2.2E-10 2.1E-08 (mg/kg/day) NA (mg/kg/day) --

Naphthalene 2.44 mg/kg 4.7E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 3.3E-07 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.00002

Arsenic 1.58 mg/kg 7.0E-10 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 1.0E-09 4.9E-08 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0002

Manganese (Soil) 139 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Vanadium 12.7 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Exp. Route Total 7.1E-09 0.0003

Exposure Point Total 4.8E-08 0.005

Exposure Medium Total 4.8E-08 0.005

Air Zone 5 Inhalation 2-Methylnaphthalene 0.033 mg/m3 3.4E-05 (mg/m3) NA (ug/m3)-1 - - 2.4E-03 (mg/m3) NA (mg/m3) --

Benzo(a)anthracene 1.7E-7 mg/m3 1.8E-10 (mg/m3) 1.1E-04 (ug/m3)-1 1.9E-11 1.2E-08 (mg/m3) NA (mg/m3) --

Benzo(a)pyrene 2.0E-7 mg/m3 2.1E-10 (mg/m3) 1.1E-03 (ug/m3)-1 2.3E-10 1.4E-08 (mg/m3) NA (mg/m3) --

Benzo(b)fluoranthene 2.1E-7 mg/m3 2.2E-10 (mg/m3) 1.1E-04 (ug/m3)-1 2.4E-11 1.5E-08 (mg/m3) NA (mg/m3) --

Dibenzo(a,h)anthracene 6.7E-8 mg/m3 7.0E-11 (mg/m3) 1.2E-03 (ug/m3)-1 8.4E-11 4.9E-09 (mg/m3) NA (mg/m3) --

Indeno(1,2,3-cd)pyrene 1.2E-7 mg/m3 1.2E-10 (mg/m3) 1.1E-04 (ug/m3)-1 1.3E-11 8.5E-09 (mg/m3) NA (mg/m3) --

Naphthalene 0.024 mg/m3 2.5E-05 (mg/m3) 3.4E-05 (ug/m3)-1 8.6E-07 1.8E-03 (mg/m3) 3.0E-03 (mg/m3) 0.6

Arsenic 1.2E-6 mg/m3 1.2E-09 (mg/m3) 4.3E-03 (ug/m3)-1 5.2E-09 8.4E-08 (mg/m3) 1.5E-05 (mg/m3) 0.006

Manganese (Soil) 1.0E-4 mg/m3 1.1E-07 (mg/m3) NA (ug/m3)-1 - - 7.4E-06 (mg/m3) 5.0E-05 (mg/m3) 0.1

Vanadium 9.3E-6 mg/m3 9.7E-09 (mg/m3) NA (ug/m3)-1 - - 6.8E-07 (mg/m3) NA (mg/m3) --

Exp. Route Total 8.7E-07 0.7

Exposure Point Total 8.7E-07 0.7

Exposure Medium Total 8.7E-07 0.7

Medium Total 9.2E-07 0.8

Groundwater Groundwater Zone 5 Dermal Ethylbenzene 1.67 ug/L 6.1E-09 (mg/kg/day) 1.1E-02 (mg/kg/day)-1 6.7E-11 4.3E-07 (mg/kg/day) 1.0E-01 (mg/kg/day) 0.000004

2-Methylnaphthalene 33.0 ug/L 2.6E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 1.8E-05 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.005

Naphthalene 27.9 ug/L 1.1E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 7.6E-06 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.0004

Arsenic 2.8 ug/L 1.5E-10 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 2.3E-10 1.1E-08 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.00004

Manganese (Water) 1,657 ug/L 9.2E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 6.4E-06 (mg/kg/day) 9.6E-04 (mg/kg/day) 0.007

Exp. Route Total 3.0E-10 0.01

Exposure Point Total 3.0E-10 0.01

Exposure Medium Total 3.0E-10 0.01
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TABLE F.5.8.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Groundwater Air Zone 5 Inhalation Ethylbenzene 6.0E-5 mg/m3 2.9E-09 (mg/m3) 2.5E-06 (ug/m3)-1 7.3E-12 2.0E-07 (mg/m3) 1.0E+00 (mg/m3) 0.0000002

2-Methylnaphthalene 0.001 mg/m3 4.5E-08 (mg/m3) NA (ug/m3)-1 - - 3.2E-06 (mg/m3) NA (mg/m3) --

Naphthalene 0.001 mg/m3 4.0E-08 (mg/m3) 3.4E-05 (ug/m3)-1 1.3E-09 2.8E-06 (mg/m3) 3.0E-03 (mg/m3) 0.0009

Arsenic 0.0E+0 mg/m3 0.0E+00 (mg/m3) 4.3E-03 (ug/m3)-1 - - 0.0E+00 (mg/m3) 1.5E-05 (mg/m3) --

Manganese (Water) 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Exp. Route Total 1.4E-09 0.0009

Exposure Point Total 1.4E-09 0.0009

Exposure Medium Total 1.4E-09 0.0009

Medium Total 1.7E-09 0.01

Total of Receptor Risks Across All Media  9.2E-07 Total of Receptor Hazards Across All Media  0.8

12/16/2011
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TABLE F.5.9.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface Soil Surface Soil Zone 5 Ingestion Benzo(a)anthracene 0.230 mg/kg 1.3E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 9.3E-09 9.9E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.200 mg/kg 1.1E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 8.0E-09 8.6E-08 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.50 mg/kg 8.3E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.2E-07 6.4E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.002

Vanadium 15.6 mg/kg 8.6E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 6.7E-06 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.001

Exp. Route Total 1.4E-07 0.003

Dermal Benzo(a)anthracene 0.230 mg/kg 2.2E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.6E-09 1.7E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.200 mg/kg 1.9E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.4E-09 1.5E-08 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.50 mg/kg 3.3E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 4.9E-09 2.5E-08 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.00008

Vanadium 15.6 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Exp. Route Total 7.9E-09 0.00008

Exposure Point Total 1.5E-07 0.004

Exposure Medium Total 1.5E-07 0.004

Medium Total 1.5E-07 0.004

Total of Receptor Risks Across All Media  1.5E-07 Total of Receptor Hazards Across All Media  0.004

12/16/2011
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TABLE F.5.10.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 5 Ingestion 2-Methylnaphthalene 4.12 mg/kg 2.3E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.8E-06 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.0004

Benzo(a)anthracene 0.230 mg/kg 1.3E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 9.3E-09 9.9E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.270 mg/kg 1.5E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.1E-07 1.2E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.290 mg/kg 1.6E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.2E-08 1.2E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.092 mg/kg 5.1E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.7E-08 3.9E-08 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 0.160 mg/kg 8.8E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 6.4E-09 6.9E-08 (mg/kg/day) NA (mg/kg/day) --

Naphthalene 2.44 mg/kg 1.3E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.0E-06 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.00005

Arsenic 1.58 mg/kg 8.7E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.3E-07 6.8E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.002

Manganese (Soil) 139 mg/kg 7.7E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 6.0E-05 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.0004

Vanadium 12.7 mg/kg 7.0E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 5.4E-06 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.001

Exp. Route Total 3.0E-07 0.004

Dermal 2-Methylnaphthalene 4.12 mg/kg 3.0E-08 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.3E-07 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.00006

Benzo(a)anthracene 0.230 mg/kg 2.2E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.6E-09 1.7E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.270 mg/kg 2.6E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.9E-08 2.0E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.290 mg/kg 2.7E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.0E-09 2.1E-08 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.092 mg/kg 8.7E-10 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 6.4E-09 6.8E-09 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 0.160 mg/kg 1.5E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.1E-09 1.2E-08 (mg/kg/day) NA (mg/kg/day) --

Naphthalene 2.44 mg/kg 2.3E-08 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.8E-07 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.000009

Arsenic 1.58 mg/kg 3.4E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 5.2E-09 2.7E-08 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.00009

Manganese (Soil) 139 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Vanadium 12.7 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Exp. Route Total 3.5E-08 0.0002

Exposure Point Total 3.4E-07 0.004

Exposure Medium Total 3.4E-07 0.004

Medium Total 3.4E-07 0.004

Total of Receptor Risks Across All Media  3.4E-07 Total of Receptor Hazards Across All Media  0.004

12/16/2011
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TABLE F.5.11.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 5 Ingestion 2-Methylnaphthalene 4.12 mg/kg 5.0E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.8E-05 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.004

Benzo(a)anthracene 0.230 mg/kg 2.8E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.1E-08 9.8E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.270 mg/kg 3.3E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 2.4E-07 1.2E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.290 mg/kg 3.5E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.6E-08 1.2E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.092 mg/kg 1.1E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 8.2E-08 3.9E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 0.160 mg/kg 2.0E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.4E-08 6.8E-07 (mg/kg/day) NA (mg/kg/day) --

Naphthalene 2.44 mg/kg 3.0E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.0E-05 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.0005

Arsenic 1.58 mg/kg 1.9E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 2.9E-07 6.8E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.02

Manganese (Soil) 139 mg/kg 1.7E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 5.9E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.004

Vanadium 12.7 mg/kg 1.6E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 5.4E-05 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.01

Exp. Route Total 6.7E-07 0.04

Dermal 2-Methylnaphthalene 4.12 mg/kg 5.6E-08 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.0E-06 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.0005

Benzo(a)anthracene 0.230 mg/kg 4.1E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.0E-09 1.4E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.270 mg/kg 4.8E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.5E-08 1.7E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.290 mg/kg 5.2E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.8E-09 1.8E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.092 mg/kg 1.6E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.2E-08 5.7E-08 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 0.160 mg/kg 2.8E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.1E-09 1.0E-07 (mg/kg/day) NA (mg/kg/day) --

Naphthalene 2.44 mg/kg 4.3E-08 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.5E-06 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.00008

Arsenic 1.58 mg/kg 6.5E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 9.7E-09 2.3E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0008

Manganese (Soil) 139 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Vanadium 12.7 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Exp. Route Total 6.6E-08 0.001

Exposure Point Total 7.4E-07 0.04

Exposure Medium Total 7.4E-07 0.04

Medium Total 7.4E-07 0.04

Total of Receptor Risks Across All Media  7.4E-07 Total of Receptor Hazards Across All Media  0.04

12/16/2011
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TABLE F.5.12.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 5 Ingestion 2-Methylnaphthalene 4.12 mg/kg 1.9E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.9E-06 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.0005

Benzo(a)anthracene 0.230 mg/kg 1.1E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 7.7E-09 1.1E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.270 mg/kg 1.2E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 9.0E-08 1.2E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.290 mg/kg 1.3E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 9.7E-09 1.3E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.092 mg/kg 4.2E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.1E-08 4.2E-08 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 0.160 mg/kg 7.3E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.3E-09 7.3E-08 (mg/kg/day) NA (mg/kg/day) --

Naphthalene 2.44 mg/kg 1.1E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.1E-06 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.00006

Arsenic 1.58 mg/kg 7.2E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.1E-07 7.2E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.002

Manganese (Soil) 139 mg/kg 6.4E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 6.4E-05 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.0005

Vanadium 12.7 mg/kg 5.8E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 5.8E-06 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.001

Exp. Route Total 2.5E-07 0.005

Dermal 2-Methylnaphthalene 4.12 mg/kg 2.2E-08 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.2E-07 (mg/kg/day) 4.0E-03 (mg/kg/day) 0.00005

Benzo(a)anthracene 0.230 mg/kg 1.6E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.1E-09 1.6E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.270 mg/kg 1.8E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.3E-08 1.8E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.290 mg/kg 2.0E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.4E-09 2.0E-08 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.092 mg/kg 6.2E-10 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 4.6E-09 6.2E-09 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 0.160 mg/kg 1.1E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 7.9E-10 1.1E-08 (mg/kg/day) NA (mg/kg/day) --

Naphthalene 2.44 mg/kg 1.7E-08 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.7E-07 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.000008

Arsenic 1.58 mg/kg 2.5E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 3.7E-09 2.5E-08 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.00008

Manganese (Soil) 139 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Vanadium 12.7 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Exp. Route Total 2.5E-08 0.0001

Exposure Point Total 2.8E-07 0.005

Exposure Medium Total 2.8E-07 0.005

Medium Total 2.8E-07 0.005

Total of Receptor Risks Across All Media  2.8E-07 Total of Receptor Hazards Across All Media  0.005
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TABLE F.6.1.RME

EXPOSURE POINT CONCENTRATION SUMMARY

REASONABLE MAXIMUM EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Surface Soil

Exposure Medium: Surface Soil

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Zone 6 Benzo(a)anthracene mg/kg 0.173 (1) 0.33 0.33 mg/kg Maximum Detected Concentration (1)

Benzo(a)pyrene mg/kg 0.219 (1) 0.460 J 0.46 mg/kg Maximum Detected Concentration (1)

Benzo(b)fluoranthene mg/kg 0.147 (1) 0.24 J 0.24 mg/kg Maximum Detected Concentration (1)

Arsenic mg/kg 1.80 (1) 2.1 2.1 mg/kg Maximum Detected Concentration (1)

Manganese mg/kg 156 (1) 182 182 mg/kg Maximum Detected Concentration (1)

1 - There were only three samples therefore the maximum detected concentration was used as the exposure point concentration.

Exposure point concentrations for the RME scenarios are also the exposure point concentrations for the CTE scenarios.
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TABLE F.6.2.RME

EXPOSURE POINT CONCENTRATION SUMMARY

REASONABLE MAXIMUM EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Surface/Subsurface Soil

Exposure Medium: Surface/Subsurface Soil

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Benzo(a)anthracene mg/kg 0.159 0.203 (N) 0.33 0.203 mg/kg 95% KM (t) UCL ProUCL 4.00.05

Zone 6 Benzo(a)pyrene mg/kg 0.162 0.203 (N) 0.460 J 0.203 mg/kg 95% KM (t) UCL ProUCL 4.00.05

Benzo(b)fluoranthene mg/kg 0.138 0.18 (G) 0.24 J 0.18 mg/kg 95% KM (t) UCL ProUCL 4.00.05

Arsenic mg/kg 1.71 1.93 (N) 2.2 1.93 mg/kg Student-t ProUCL 4.00.05

Manganese mg/kg 136 155 (N) 182 155 mg/kg Student-t ProUCL 4.00.05

G = Gamma

L = Lognormal

N = Normal

Exposure point concentrations for the RME scenarios are also the exposure point concentrations for the CTE scenarios.
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TABLE F.6.3.RME

EXPOSURE POINT CONCENTRATION SUMMARY

REASONABLE MAXIMUM EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Groundwater

Exposure Medium: Groundwater

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Zone 6 Chloroform ug/L 6.40 (1) 22.0 22.0 ug/L Maximum Detected Concentration (2)

Antimony ug/L 0.905 (1) 2.03 2.03 ug/L Maximum Detected Concentration (2)

Manganese ug/L 254 (1) 448 448 ug/L Maximum Detected Concentration (2)

Thallium ug/L 1.85 (1) 4.45 4.45 ug/L Maximum Detected Concentration (2)

1 - There were an insufficent number of samples to calculate statistics.

2 - The maximum detected concentration is used as the exposure point concentration for groundwater.
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TABLE F.6.3.CTE

EXPOSURE POINT CONCENTRATION SUMMARY

CENTRAL TENDENCY EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Groundwater

Exposure Medium: Groundwater

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Zone 6 Chloroform ug/L 6.40 (1) 22.0 6.4 ug/L Arithmetic Mean (2)

Antimony ug/L 0.905 (1) 2.03 0.905 ug/L Arithmetic Mean (2)

Manganese ug/L 254 (1) 448 254 ug/L Arithmetic Mean (2)

Thallium ug/L 1.85 (1) 4.45 1.85 ug/L Arithmetic Mean (2)

1 - There were an insufficent number of samples to calculate statistics.

2 - Mean concentration is used as the exposure point concentration for groundwater.
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TABLE F.6.4

NON-CANCER TOXICITY DATA -- ORAL/DERMAL

NSB-NLON, GROTON, CONNECTICUT

Chemical Chronic/ Oral RfD Oral Absorption Absorbed RfD for Dermal
(2)

Primary Combined RfD:Target Organ(s)

of  Potential Subchronic Efficiency Target Uncertainty/Modifying

Concern Value Units for Dermal
(1)

Value Units Organ(s) Factors Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

Chloroform Chronic 1.0E-02 mg/kg/day 1 1.0E-02 mg/kg/day Liver 100/1 IRIS 2/1/2011

Semivolatile Organic Compounds

Benzo(a)anthracene NA NA NA 1 NA NA NA NA NA NA

Benzo(a)pyrene NA NA NA 1 NA NA NA NA NA NA

Benzo(b)fluoranthene NA NA NA 1 NA NA NA NA NA NA

Inorganics

Antimony Chronic 4.0E-04 mg/kg/day 0.15 6.0E-05 mg/kg/day Blood 1000/1 IRIS 2/1/2011

Arsenic Chronic 3.0E-04 mg/kg/day 1 3.0E-04 mg/kg/day Skin, CVS 3/1 IRIS 2/1/2011

Manganese (soil) Chronic 1.4E-01 mg/kg/day 1 1.4E-01 mg/kg/day CNS 1/1 IRIS 2/1/2011

Manganese (water) Chronic 2.4E-02 mg/kg/day 0.04 9.6E-04 mg/kg/day CNS 1/3 IRIS 2/1/2011

Thallium NA NA NA 1 NA NA NA NA NA NA

Notes: Definitions:

1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for CNS = Central Nervous System

        Dermal Risk Assessment) Interim. EPA/540/R/99/005. CVS = Cardiovascular system

2 -  Adjusted dermal RfD = Oral RfD x Oral Absorption Efficiency for Dermal. GS = Gastrointestinal

IRIS = Integrated Risk Information System

NA = Not Available
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TABLE F.6.5

NON-CANCER TOXICITY DATA -- INHALATION

NSB-NLON, GROTON, CONNECTICUT

Chemical Chronic/ Inhalation RfC Extrapolated RfD
(1)

Primary Combined RfC : Target Organ(s)

of  Potential Subchronic Target Uncertainty/Modifying

Concern Value Units Value Units Organ(s) Factors Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

Chloroform Chronic 9.8E-02 mg/m
3

2.8E-02 (mg/kg/day) Liver NA ATSDR 9/1997

Semivolatile Organic Compounds

Benzo(a)anthracene NA NA NA NA NA NA NA NA NA

Benzo(a)pyrene NA NA NA NA NA NA NA NA NA

Benzo(b)fluoranthene NA NA NA NA NA NA NA NA NA

Inorganics

Antimony NA NA NA NA NA NA NA NA NA

Arsenic Chronic 1.5E-05 mg/m
3

4.3E-06 (mg/kg/day) NA NA Cal EPA 9/2009

Manganese Chronic 5.0E-05 mg/m
3

1.4E-05 (mg/kg/day) CNS 1000/1 IRIS 2/1/2011

Thallium NA NA NA NA NA NA NA NA NA

Notes: Definitions:

1  - Extrapolated RfD = RfC *20m
3
/day / 70 kg ATSDR = Agency for Toxic Substances and Disease Registry

Cal EPA = California Environmental Protection Agency

CNS = Central Nervous System

IRIS = Integrated Risk Information System

NA = Not Applicable
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TABLE F.6.6

CANCER TOXICITY DATA -- ORAL/DERMAL

NSB-NLON, GROTON, CONNECTICUT

Chemical Oral Cancer Slope Factor Oral Absorption Absorbed Cancer Slope Factor Weight of Evidence/ Oral CSF

of Potential  Efficiency for Dermal
(2) Cancer Guideline  

Concern Value Units for Dermal
(1)

Value Units Description Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

Chloroform 3.1E-02 (mg/kg/day)
-1

1 3.1E-02 (mg/kg/day)
-1

B2 Cal EPA 9/2009

Semivolatile Organic Compounds

Benzo(a)anthracene
(3)

7.3E-01 (mg/kg/day)
-1

1 7.3E-01 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Benzo(a)pyrene
(3)

7.3E+00 (mg/kg/day)
-1

1 7.3E+00 (mg/kg/day)
-1

B2 IRIS 2/1/2011

Benzo(b)fluoranthene
(3)

7.3E-01 (mg/kg/day)
-1

1 7.3E-01 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Inorganics

Antimony NA NA 0.15 NA NA NA NA NA

Arsenic 1.5E+00 (mg/kg/day)
-1

1 1.5E+00 (mg/kg/day)
-1

A IRIS 2/1/2011

Manganese NA NA 0.04 NA NA D IRIS 2/1/2011

Thallium NA NA 1 NA NA NA IRIS 2/1/2011

Notes:

1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Interim. EPA/540/R/99/005.

2 -  Adjusted cancer slope factor for dermal = Oral cancer slope factor / Oral Absorption Efficiency for Dermal.

3 - The carcinogenic PAHs are considered to act via the mutagenic mode of action.  These chemicals are evaluated in accordance with USEPA's Supplemental Guidance for Assessing 

      Susceptibility from Early-Life Exposure to Carcinogens (2005).

Definitions:

USEPA(1) = U.S. EPA,  Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons, July 1993, EPA/600/R-93/089.

Cal EPA = California Environmental Protection Agency.

IRIS = Integrated Risk Information System.

NA = Not Available.

NJDEP = New Jersey Department of Environmental Protection.

EPA Group:

     A - Human carcinogen.

     B1 - Probable human carcinogen - indicates that limited human data are available.

     B2 - Probable human carcinogen - indicates sufficient evidence in animals and inadequate or no evidence in humans .

     C - Possible human carcinogen.

     D - Not classifiable as a human carcinogen.
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TABLE F.6.7

CANCER TOXICITY DATA -- INHALATION

NSB-NLON, GROTON, CONNECTICUT

Chemical Unit Risk Inhalation Cancer Weight of Evidence/ Unit Risk : Inhalation CSF

of Potential Slope Factor
(1)

Cancer Guideline  

Concern Value Units Value Units Description Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

Chloroform 2.3E-05 (ug/m
3
)
-1

8.1E-02 (mg/kg/day)
-1

B2 IRIS 2/1/2011

Semivolatile Organic Compounds

Benzo(a)anthracene
(2)

1.1E-04 (ug/m
3
)
-1

3.9E-01 (mg/kg/day)
-1

NA Cal EPA 9/2009

Benzo(a)pyrene
(2)

1.1E-03 (ug/m
3
)
-1

3.9E+00 (mg/kg/day)
-1

NA Cal EPA 9/2009

Benzo(b)fluoranthene
(2)

1.1E-04 (ug/m
3
)
-1

3.9E-01 (mg/kg/day)
-1

NA Cal EPA 9/2009

Inorganics

Antimony NA NA NA NA NA NA NA

Arsenic 4.3E-03 (ug/m
3
)
-1

1.5E+01 (mg/kg/day)
-1

A IRIS 2/1/2011

Manganese NA NA NA NA D IRIS 2/1/2011

Thallium NA NA NA NA NA IRIS 2/1/2011

Vanadium NA NA NA NA NA NA NA

Notes:

1 - Inhalation CSF = Unit Risk * 70 kg / 20m
3
/day.

2 - The carcinogenic PAHs are considered to act via the mutagenic mode of action.  These chemicals are evaluated in accordance with USEPA's Supplemental Guidance

       for Assessing Susceptibility from Early-Life Exposure to Carcinogens (2005).

Definitions:

Cal EPA = California Environmental Protection Agency. EPA Group:

IRIS = Integrated Risk Information System.      A - Human carcinogen.

NA = Not Available.      B1 - Probable human carcinogen - indicates that limited human data are available.

     B2 - Probable human carcinogen - indicates sufficient evidence in animals and 

              inadequate or no evidence in humans .

     C - Possible human carcinogen.

     D - Not classifiable as a human carcinogen.
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TABLE F.6.8.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 6 Ingestion Benzo(a)anthracene 0.203 mg/kg 4.5E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 3.3E-09 3.1E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.203 mg/kg 4.5E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 3.3E-08 3.1E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.180 mg/kg 4.0E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 2.9E-09 2.8E-07 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.93 mg/kg 4.3E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 6.4E-08 3.0E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.010

Manganese (Soil) 155 mg/kg 3.4E-06 (mg/kg/day) NA (mg/kg/day)-1 - - 2.4E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.002

Exp. Route Total 1.0E-07 0.01

Dermal Benzo(a)anthracene 0.203 mg/kg 1.8E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.3E-09 1.2E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.203 mg/kg 1.8E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 1.3E-08 1.2E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.180 mg/kg 1.6E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.1E-09 1.1E-07 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.93 mg/kg 3.8E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 5.8E-09 2.7E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0009

Manganese (Soil) 155 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Exp. Route Total 2.1E-08 0.0009

Exposure Point Total 1.2E-07 0.01

Exposure Medium Total 1.2E-07 0.01

Air Zone 6 Inhalation Benzo(a)anthracene 1.5E-7 mg/m3 2.3E-10 (mg/m3) 1.1E-04 (ug/m3)-1 2.6E-11 1.6E-08 (mg/m3) NA (mg/m3) --

Benzo(a)pyrene 1.5E-7 mg/m3 2.3E-10 (mg/m3) 1.1E-03 (ug/m3)-1 2.6E-10 1.6E-08 (mg/m3) NA (mg/m3) --

Benzo(b)fluoranthene 1.3E-7 mg/m3 2.1E-10 (mg/m3) 1.1E-04 (ug/m3)-1 2.3E-11 1.4E-08 (mg/m3) NA (mg/m3) --

Arsenic 1.4E-6 mg/m3 2.2E-09 (mg/m3) 4.3E-03 (ug/m3)-1 9.5E-09 1.5E-07 (mg/m3) 1.5E-05 (mg/m3) 0.01

Manganese (Soil) 1.1E-4 mg/m3 1.8E-07 (mg/m3) NA (ug/m3)-1 - - 1.2E-05 (mg/m3) 5.0E-05 (mg/m3) 0.2

Exp. Route Total 9.8E-09 0.3

Exposure Point Total 9.8E-09 0.3

Exposure Medium Total 9.8E-09 0.3

Medium Total 1.3E-07 0.3

Groundwater Groundwater Zone 6 Dermal Chloroform 22.0 ug/L 4.1E-08 (mg/kg/day) 3.1E-02 (mg/kg/day)-1 1.3E-09 2.9E-06 (mg/kg/day) 1.0E-02 (mg/kg/day) 0.0003

Antimony 2.03 ug/L 4.5E-10 (mg/kg/day) NA (mg/kg/day)-1 - - 3.1E-08 (mg/kg/day) 6.0E-05 (mg/kg/day) 0.0005

Manganese (Water) 448 ug/L 9.9E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 6.9E-06 (mg/kg/day) 9.6E-04 (mg/kg/day) 0.007

Thallium 4.45 ug/L 9.9E-10 (mg/kg/day) NA (mg/kg/day)-1 - - 6.9E-08 (mg/kg/day) NA (mg/kg/day) --

Exp. Route Total 1.3E-09 0.008

Exposure Point Total 1.3E-09 0.008

Exposure Medium Total 1.3E-09 0.008

Air Zone 6 Inhalation Chloroform 7.4E-4 mg/m3 1.4E-07 (mg/m3) 2.3E-05 (ug/m3)-1 3.3E-09 1.0E-05 (mg/m3) 9.8E-02 (mg/m3) 0.0001

Antimony 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 0.0E+00 (mg/m3) --

Manganese (Water) 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Thallium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Exp. Route Total 3.3E-09 0.0001

Exposure Point Total 3.3E-09 0.0001

Exposure Medium Total 3.3E-09 0.0001

Medium Total 4.6E-09 0.008

Total of Receptor Risks Across All Media  1.4E-07 Total of Receptor Hazards Across All Media  0.3
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TABLE F.6.9.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface Soil Surface Soil Zone 6 Ingestion Benzo(a)anthracene 0.330 mg/kg 1.2E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 8.4E-08 3.2E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.460 mg/kg 1.6E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.2E-06 4.5E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.240 mg/kg 8.4E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 6.1E-08 2.3E-07 (mg/kg/day) NA (mg/kg/day) --

Arsenic 2.10 mg/kg 7.3E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.1E-06 2.1E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.007

Manganese (Soil) 182 mg/kg 6.4E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.8E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.001

Exp. Route Total 2.4E-06 0.008

Dermal Benzo(a)anthracene 0.330 mg/kg 9.9E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 7.2E-08 2.8E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.460 mg/kg 1.4E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.0E-06 3.9E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.240 mg/kg 7.2E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.3E-08 2.0E-07 (mg/kg/day) NA (mg/kg/day) --

Arsenic 2.10 mg/kg 1.5E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 2.2E-07 4.1E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.001

Manganese (Soil) 182 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Exp. Route Total 1.3E-06 0.001

Exposure Point Total 3.8E-06 0.009

Exposure Medium Total 3.8E-06 0.009

Medium Total 3.8E-06 0.009

Total of Receptor Risks Across All Media  3.8E-06 Total of Receptor Hazards Across All Media  0.009

12/16/2011
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TABLE F.6.10.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 6 Ingestion Benzo(a)anthracene 0.203 mg/kg 7.1E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.2E-08 2.0E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.203 mg/kg 7.1E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 5.2E-07 2.0E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.180 mg/kg 6.3E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 4.6E-08 1.8E-07 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.93 mg/kg 6.7E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.0E-06 1.9E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.006

Manganese (Soil) 155 mg/kg 5.4E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.5E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.001

Exp. Route Total 1.6E-06 0.007

Dermal Benzo(a)anthracene 0.203 mg/kg 6.1E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 4.4E-08 1.7E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.203 mg/kg 6.1E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 4.4E-07 1.7E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.180 mg/kg 5.4E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.9E-08 1.5E-07 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.93 mg/kg 1.3E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 2.0E-07 3.7E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.001

Manganese (Soil) 155 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Exp. Route Total 7.3E-07 0.001

Exposure Point Total 2.4E-06 0.009

Exposure Medium Total 2.4E-06 0.009

Medium Total 2.4E-06 0.009

Total of Receptor Risks Across All Media  2.4E-06 Total of Receptor Hazards Across All Media  0.009

12/16/2011
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TABLE F.6.11.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 6 Ingestion Benzo(a)anthracene 0.203 mg/kg 1.2E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 8.7E-07 2.6E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.203 mg/kg 1.2E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 8.7E-06 2.6E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.180 mg/kg 1.1E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 7.7E-07 2.3E-06 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.93 mg/kg 2.1E-06 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 3.2E-06 2.5E-05 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.08

Manganese (Soil) 155 mg/kg 1.7E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.0E-03 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.01

Exp. Route Total 1.3E-05 0.10

Dermal Benzo(a)anthracene 0.203 mg/kg 4.3E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.2E-07 9.4E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.203 mg/kg 4.3E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.2E-06 9.4E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.180 mg/kg 3.8E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.8E-07 8.4E-07 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.93 mg/kg 1.8E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 2.7E-07 2.1E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.007

Manganese (Soil) 155 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Exp. Route Total 4.0E-06 0.007

Exposure Point Total 1.7E-05 0.1

Exposure Medium Total 1.7E-05 0.1

Medium Total 1.7E-05 0.1

Total of Receptor Risks Across All Media  1.7E-05 Total of Receptor Hazards Across All Media  0.1

12/16/2011
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TABLE F.6.12.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 6 Ingestion Benzo(a)anthracene 0.203 mg/kg 1.7E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.3E-07 2.8E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.203 mg/kg 1.7E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.3E-06 2.8E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.180 mg/kg 1.5E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.1E-07 2.5E-07 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.93 mg/kg 9.1E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.4E-06 2.6E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.009

Manganese (Soil) 155 mg/kg 7.3E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.1E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.002

Exp. Route Total 2.9E-06 0.01

Dermal Benzo(a)anthracene 0.203 mg/kg 9.1E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 6.6E-08 1.4E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.203 mg/kg 9.1E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 6.6E-07 1.4E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.180 mg/kg 8.0E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.9E-08 1.3E-07 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.93 mg/kg 1.1E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.6E-07 3.2E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.001

Manganese (Soil) 155 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Exp. Route Total 9.5E-07 0.001

Exposure Point Total 3.8E-06 0.01

Exposure Medium Total 3.8E-06 0.01

Medium Total 3.8E-06 0.01

Total of Receptor Risks Across All Media  3.8E-06 Total of Receptor Hazards Across All Media  0.01

12/16/2011
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TABLE F.6.8.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 6 Ingestion Benzo(a)anthracene 0.203 mg/kg 1.5E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.1E-09 1.0E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.203 mg/kg 1.5E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 1.1E-08 1.0E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.180 mg/kg 1.3E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 9.7E-10 9.3E-08 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.93 mg/kg 1.4E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 2.1E-08 1.0E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.003

Manganese (Soil) 155 mg/kg 1.1E-06 (mg/kg/day) NA (mg/kg/day)-1 - - 8.0E-05 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.0006

Exp. Route Total 3.4E-08 0.004

Dermal Benzo(a)anthracene 0.203 mg/kg 3.9E-10 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 2.8E-10 2.7E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.203 mg/kg 3.9E-10 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 2.8E-09 2.7E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.180 mg/kg 3.5E-10 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 2.5E-10 2.4E-08 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.93 mg/kg 8.5E-10 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 1.3E-09 6.0E-08 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0002

Manganese (Soil) 155 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Exp. Route Total 4.7E-09 0.0002

Exposure Point Total 3.9E-08 0.004

Exposure Medium Total 3.9E-08 0.004

Air Zone 6 Inhalation Benzo(a)anthracene 1.5E-7 mg/m3 1.5E-10 (mg/m3) 1.1E-04 (ug/m3)-1 1.7E-11 1.1E-08 (mg/m3) NA (mg/m3) --

Benzo(a)pyrene 1.5E-7 mg/m3 1.5E-10 (mg/m3) 1.1E-03 (ug/m3)-1 1.7E-10 1.1E-08 (mg/m3) NA (mg/m3) --

Benzo(b)fluoranthene 1.3E-7 mg/m3 1.4E-10 (mg/m3) 1.1E-04 (ug/m3)-1 1.5E-11 9.6E-09 (mg/m3) NA (mg/m3) --

Arsenic 1.4E-6 mg/m3 1.5E-09 (mg/m3) 4.3E-03 (ug/m3)-1 6.3E-09 1.0E-07 (mg/m3) 1.5E-05 (mg/m3) 0.007

Manganese (Soil) 1.1E-4 mg/m3 1.2E-07 (mg/m3) NA (ug/m3)-1 - - 8.3E-06 (mg/m3) 5.0E-05 (mg/m3) 0.2

Exp. Route Total 6.5E-09 0.2

Exposure Point Total 6.5E-09 0.2

Exposure Medium Total 6.5E-09 0.2

Medium Total 4.6E-08 0.2

Groundwater Groundwater Zone 6 Dermal Chloroform 6.4 ug/L 3.6E-09 (mg/kg/day) 3.1E-02 (mg/kg/day)-1 1.1E-10 2.5E-07 (mg/kg/day) 1.0E-02 (mg/kg/day) 0.00003

Antimony 0.91 ug/L 5.0E-11 (mg/kg/day) NA (mg/kg/day)-1 - - 3.5E-09 (mg/kg/day) 6.0E-05 (mg/kg/day) 0.00006

Manganese (Water) 254 ug/L 1.4E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 9.8E-07 (mg/kg/day) 9.6E-04 (mg/kg/day) 0.001

Thallium 1.85 ug/L 1.0E-10 (mg/kg/day) NA (mg/kg/day)-1 - - 7.2E-09 (mg/kg/day) NA (mg/kg/day) --

Exp. Route Total 1.1E-10 0.001

Exposure Point Total 1.1E-10 0.001

Exposure Medium Total 1.1E-10 0.001

Air Zone 6 Inhalation Chloroform 2.1E-4 mg/m3 1.0E-08 (mg/m3) 2.3E-05 (ug/m3)-1 2.4E-10 7.3E-07 (mg/m3) 9.8E-02 (mg/m3) 0.000007

Antimony 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 0.0E+00 (mg/m3) --

Manganese (Water) 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Thallium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Exp. Route Total 2.4E-10 0.000007

Exposure Point Total 2.4E-10 0.000007

Exposure Medium Total 2.4E-10 0.000007

Medium Total 3.5E-10 0.001

Total of Receptor Risks Across All Media  4.6E-08 Total of Receptor Hazards Across All Media  0.2

12/16/2011
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TABLE F.6.9.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface Soil Surface Soil Zone 6 Ingestion Benzo(a)anthracene 0.330 mg/kg 1.8E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.3E-08 1.4E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.460 mg/kg 2.5E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.9E-07 2.0E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.240 mg/kg 1.3E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 9.7E-09 1.0E-07 (mg/kg/day) NA (mg/kg/day) --

Arsenic 2.10 mg/kg 1.2E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.7E-07 9.0E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.003

Manganese (Soil) 182 mg/kg 1.0E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 7.8E-05 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.0006

Exp. Route Total 3.8E-07 0.004

Dermal Benzo(a)anthracene 0.330 mg/kg 3.1E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.3E-09 2.4E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.460 mg/kg 4.3E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.2E-08 3.4E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.240 mg/kg 2.3E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.7E-09 1.8E-08 (mg/kg/day) NA (mg/kg/day) --

Arsenic 2.10 mg/kg 4.6E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 6.9E-09 3.6E-08 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0001

Manganese (Soil) 182 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Exp. Route Total 4.3E-08 0.0001

Exposure Point Total 4.2E-07 0.004

Exposure Medium Total 4.2E-07 0.004

Medium Total 4.2E-07 0.004

Total of Receptor Risks Across All Media  4.2E-07 Total of Receptor Hazards Across All Media  0.004

12/16/2011
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TABLE F.6.10.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 6 Ingestion Benzo(a)anthracene 0.203 mg/kg 1.1E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 8.2E-09 8.7E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.203 mg/kg 1.1E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 8.2E-08 8.7E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.180 mg/kg 9.9E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 7.2E-09 7.7E-08 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.93 mg/kg 1.1E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.6E-07 8.3E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.003

Manganese (Soil) 155 mg/kg 8.5E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 6.6E-05 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.0005

Exp. Route Total 2.6E-07 0.003

Dermal Benzo(a)anthracene 0.203 mg/kg 1.9E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.4E-09 1.5E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.203 mg/kg 1.9E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.4E-08 1.5E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.180 mg/kg 1.7E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.2E-09 1.3E-08 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.93 mg/kg 4.2E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 6.3E-09 3.3E-08 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0001

Manganese (Soil) 155 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Exp. Route Total 2.3E-08 0.0001

Exposure Point Total 2.8E-07 0.003

Exposure Medium Total 2.8E-07 0.003

Medium Total 2.8E-07 0.003

Total of Receptor Risks Across All Media  2.8E-07 Total of Receptor Hazards Across All Media  0.003

12/16/2011
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TABLE F.6.11.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 6 Ingestion Benzo(a)anthracene 0.203 mg/kg 2.5E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.8E-08 8.7E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.203 mg/kg 2.5E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.8E-07 8.7E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.180 mg/kg 2.2E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.6E-08 7.7E-07 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.93 mg/kg 2.4E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 3.5E-07 8.2E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.03

Manganese (Soil) 155 mg/kg 1.9E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 6.6E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.005

Exp. Route Total 5.7E-07 0.03

Dermal Benzo(a)anthracene 0.203 mg/kg 3.6E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.6E-09 1.3E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.203 mg/kg 3.6E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 2.6E-08 1.3E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.180 mg/kg 3.2E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.3E-09 1.1E-07 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.93 mg/kg 7.9E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.2E-08 2.8E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0009

Manganese (Soil) 155 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Exp. Route Total 4.3E-08 0.0009

Exposure Point Total 6.1E-07 0.03

Exposure Medium Total 6.1E-07 0.03

Medium Total 6.1E-07 0.03

Total of Receptor Risks Across All Media  6.1E-07 Total of Receptor Hazards Across All Media  0.03
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TABLE F.6.12.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 6 Ingestion Benzo(a)anthracene 0.203 mg/kg 9.3E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 6.8E-09 9.3E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.203 mg/kg 9.3E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 6.8E-08 9.3E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.180 mg/kg 8.2E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 6.0E-09 8.2E-08 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.93 mg/kg 8.8E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.3E-07 8.8E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.003

Manganese (Soil) 155 mg/kg 7.1E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 7.1E-05 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.0005

Exp. Route Total 2.1E-07 0.003

Dermal Benzo(a)anthracene 0.203 mg/kg 1.4E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.0E-09 1.4E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 0.203 mg/kg 1.4E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.0E-08 1.4E-08 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 0.180 mg/kg 1.2E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 8.9E-10 1.2E-08 (mg/kg/day) NA (mg/kg/day) --

Arsenic 1.93 mg/kg 3.0E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 4.5E-09 3.0E-08 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0001

Manganese (Soil) 155 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Exp. Route Total 1.6E-08 0.0001

Exposure Point Total 2.3E-07 0.004

Exposure Medium Total 2.3E-07 0.004

Medium Total 2.3E-07 0.004

Total of Receptor Risks Across All Media  2.3E-07 Total of Receptor Hazards Across All Media  0.004
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TABLE F.7.1.RME

EXPOSURE POINT CONCENTRATION SUMMARY

REASONABLE MAXIMUM EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Surface Soil

Exposure Medium: Surface Soil

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Zone 7 Benzo(a)anthracene mg/kg 1.46 3.27 (G) 7.8 3.27 mg/kg    95% KM (Chebyshev) UCL ProUCL 4.00.05

Benzo(a)pyrene mg/kg 1.48 3.35 (G) 8.4 3.35 mg/kg    95% KM (Chebyshev) UCL ProUCL 4.00.05

Benzo(b)fluoranthene mg/kg 2.24 5.32 (G) 15 5.32 mg/kg    95% KM (Chebyshev) UCL ProUCL 4.00.05

Benzo(k)fluoranthene mg/kg 0.901 2.18 (G) 6.3 2.18 mg/kg    95% KM (Chebyshev) UCL ProUCL 4.00.05

Dibenzo(a,h)anthracene mg/kg 0.409 1.02 (G) 3.1 1.02 mg/kg    95% KM (Chebyshev) UCL ProUCL 4.00.05

Indeno(1,2,3-cd)pyrene mg/kg 1.09 2.69 (G) 8.1 2.69 mg/kg    95% KM (Chebyshev) UCL ProUCL 4.00.05

Antimony mg/kg 6.78 15.2 (G) 50.6 J 15.2 mg/kg    95% KM (BCA) UCL ProUCL 4.00.05

Arsenic mg/kg 1.30 1.64 (N) 1.8 1.64 mg/kg 95% Student's-t UCL ProUCL 4.00.05

Hexavalent Chromium mg/kg (1) (1) 0.78 0.78 mg/kg Maximum Detected Concentration (1)

Lead mg/kg 2444 21,714 (L) 31400 2,444 mg/kg Arithmetic Mean (2)

Manganese mg/kg 119 144 (L) 162 144 mg/kg 95% Modified-t UCL ProUCL 4.00.05

Nickel mg/kg 8.50 13.8 (N) 17.7 13.8 mg/kg 95% Student's-t UCL ProUCL 4.00.05

Vanadium mg/kg 13.2 16.3 (N) 16.8 16.3 mg/kg 95% Student's-t UCL ProUCL 4.00.05

Zinc mg/kg 114 173 (N) 188 173 mg/kg 95% Student's-t UCL ProUCL 4.00.05

N = Normal

G = Gamma

L = Lognormal

1 - There were less than 10 samples therefore the maximum detected concentration was used as the exposure point concentration.

2 - Mean concentration is used as exposure point concentration for evaluating exposures to lead. 

     U.S. EPA, 1994:Guidance Manual for the Integrated Exposure Uptake Biokinetic Model for lead in Children.

Exposure point concentrations for the RME scenarios are also the exposure point concentrations for the CTE scenarios.
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TABLE F.7.2.RME

EXPOSURE POINT CONCENTRATION SUMMARY

REASONABLE MAXIMUM EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Surface/Subsurface Soil

Exposure Medium: Surface/Subsurface Soil

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Zone 7 Benzo(a)anthracene mg/kg 1.22 2.52 (L) 9.5 J 2.52 mg/kg  97.5% KM (Chebyshev) UCL ProUCL 4.00.05

Benzo(a)pyrene mg/kg 1.27 2.34 (G) 14 J 2.34 mg/kg    95% KM (Chebyshev) UCL ProUCL 4.00.05

Benzo(b)fluoranthene mg/kg 1.68 3.90 (L) 16 J 3.9 mg/kg  97.5% KM (Chebyshev) UCL ProUCL 4.00.05

Benzo(k)fluoranthene mg/kg 0.721 0.91 (G) 9.7 J 0.91 mg/kg    95% KM (BCA) UCL ProUCL 4.00.05

Dibenzo(a,h)anthracene mg/kg 0.503 0.43 (G) 3.1 0.43 mg/kg    95% KM (BCA) UCL ProUCL 4.00.05

Indeno(1,2,3-cd)pyrene mg/kg 0.893 1.09 (G) 8.1 1.09 mg/kg    95% KM (BCA) UCL ProUCL 4.00.05

Antimony mg/kg 121 414 (L) 1820 414 mg/kg    99% KM (Chebyshev) UCL ProUCL 4.00.05

Arsenic mg/kg 3.41 12.7 (NP) 50 12.7 mg/kg  97.5% KM (Chebyshev) UCL ProUCL 4.00.05

Hexavalent Chromium mg/kg 0.236 0.50 (N) 0.78 0.5 mg/kg    95% KM (t) UCL ProUCL 4.00.05

Lead mg/kg 5369 27,527 (L) 189000 J 5,370 mg/kg Arithmetic Mean (1)

Manganese mg/kg 149 261 (NP) 956 261 mg/kg 95% Chebyshev (Mean, Sd) UCL ProUCL 4.00.05

Nickel mg/kg 18.0 53.6 (NP) 254 53.6 mg/kg 95% Chebyshev (Mean, Sd) UCL ProUCL 4.00.05

Vanadium mg/kg 26.9 65.2 (NP) 246 65.2 mg/kg 95% Chebyshev (Mean, Sd) UCL ProUCL 4.00.05

Zinc mg/kg 255 719 (NP) 3440 719 mg/kg 95% Chebyshev (Mean, Sd) UCL ProUCL 4.00.05

G = Gamma

L = Lognormal

N = Normal

NP = Non-parametric

1 - Mean concentration is used as exposure point concentration for evaluating exposures to lead. 

     U.S. EPA, 1994:Guidance Manual for the Integrated Exposure Uptake Biokinetic Model for lead in Children.

Exposure point concentrations for the RME scenarios are also the exposure point concentrations for the CTE scenarios.
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TABLE F.7.3.RME

EXPOSURE POINT CONCENTRATION SUMMARY

REASONABLE MAXIMUM EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Groundwater

Exposure Medium: Groundwater

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Zone 7 Chloroform ug/L 0.542 (1) 2.0 2.0 ug/L Maximum Detected Concentration (2)

Naphthalene ug/L 2.72 (1) 0.70 0.70 ug/L Maximum Detected Concentration (2)

Antimony ug/L 5.10 12.0 (N) 13.8 13.8 ug/L Maximum Detected Concentration (2)

Arsenic ug/L 3.15 14.8 (G) 15 15 ug/L Maximum Detected Concentration (2)

Barium ug/L 106 237 (G) 682 682 ug/L Maximum Detected Concentration (2)

Boron ug/L 384 642 (G) 939 939 ug/L Maximum Detected Concentration (2)

Cadmium ug/L 0.304 (1) 1.61 1.61 ug/L Maximum Detected Concentration (2)

Lead ug/L 0.079 0.12 (N) 0.266 0.079 ug/L Arithmetic Mean Concentration (3)

Manganese ug/L 535 1161 (G) 2188 2188 ug/L Maximum Detected Concentration (2)

Selenium ug/L 3.93 (1) 28.3 28.3 ug/L Maximum Detected Concentration (2)

Thallium ug/L 1.40 2.1 (N) 2.20 2.20 ug/L Maximum Detected Concentration (2)

G - Gamma distribution.

N - Normal distribution.

1 - Insufficient number of distinct samples to calculate statistics.

2 - The maximum detected concentration is used as the exposure point concentration for groundwater.

3 - Mean concentration is used as exposure point concentration for evaluating exposures to lead. 

     U.S. EPA, 1994:Guidance Manual for the Integrated Exposure Uptake Biokinetic Model for lead in Children.
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TABLE F.7.3.CTE

EXPOSURE POINT CONCENTRATION SUMMARY

CENTRAL TENDENCY EXPOSURE

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current/Future

Medium: Groundwater

Exposure Medium: Groundwater

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Zone 7 Chloroform ug/L 0.542 (1) 2.0 0.542 ug/L Arithmetic Mean (2)

Naphthalene ug/L 2.72 (1) 0.70 0.700 ug/L Maximum Detected Concentration (3)

Antimony ug/L 5.10 12.0 (N) 13.8 5.10 ug/L Arithmetic Mean (2)

Arsenic ug/L 3.15 14.8 (G) 15 3.15 ug/L Arithmetic Mean (2)

Barium ug/L 106 237 (G) 682 106 ug/L Arithmetic Mean (2)

Boron ug/L 384 642 (G) 939 384 ug/L Arithmetic Mean (2)

Cadmium ug/L 0.304 (1) 1.61 0.304 ug/L Arithmetic Mean (2)

Lead ug/L 0.079 0.12 (N) 0.266 0.079 ug/L Arithmetic Mean (2)

Manganese ug/L 535 1161 (G) 2188 535 ug/L Arithmetic Mean (2)

Selenium ug/L 3.93 (1) 28.3 3.93 ug/L Arithmetic Mean (2)

Thallium ug/L 1.40 2.1 (N) 2.20 1.40 ug/L Arithmetic Mean (2)

G - Gamma distribution.

N - Normal distribution.

1 - Insufficient number of distinct samples to calculate statistics.

2 - Mean concentration is used as the exposure point concentration for groundwater.
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TABLE F.7.4

NON-CANCER TOXICITY DATA -- ORAL/DERMAL

NSB-NLON, GROTON, CONNECTICUT

Chemical Chronic/ Oral RfD Oral Absorption Absorbed RfD for Dermal
(2)

Primary Combined RfD:Target Organ(s)

of  Potential Subchronic Efficiency Target Uncertainty/Modifying

Concern Value Units for Dermal
(1)

Value Units Organ(s) Factors Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

Chloroform Chronic 1.0E-02 mg/kg/day 1 1.0E-02 mg/kg/day Liver 100/1 IRIS 2/1/2011

Semivolatile Organic Compounds

Benzo(a)anthracene NA NA NA 1 NA NA NA NA NA NA

Benzo(a)pyrene NA NA NA 1 NA NA NA NA NA NA

Benzo(b)fluoranthene NA NA NA 1 NA NA NA NA NA NA

Benzo(k)fluoranthene NA NA NA 1 NA NA NA NA NA NA

Dibenzo(a,h)anthracene NA NA NA 1 NA NA NA NA NA NA

Dibenzofuran Chronic 1.0E-03 mg/kg/day 1 1.0E-03 mg/kg/day None Reported NA PPRTV 6/11/2007

Indeno(1,2,3-cd)pyrene NA NA NA 1 NA NA NA NA NA NA

Naphthalene Chronic 2.0E-02 mg/kg/day 1 2.0E-02 mg/kg/day Body Weight 3000/1 IRIS 2/1/2011

Inorganics

Antimony Chronic 4.0E-04 mg/kg/day 0.15 6.0E-05 mg/kg/day Blood 1000/1 IRIS 2/1/2011

Arsenic Chronic 3.0E-04 mg/kg/day 1 3.0E-04 mg/kg/day Skin, CVS 3/1 IRIS 2/1/2011

Barium Chronic 2.0E-01 mg/kg/day 0.07 1.4E-02 mg/kg/day Kidney 300/1 IRIS 2/1/2011

Boron Chronic 2.0E-01 mg/kg/day 1 2.0E-01 mg/kg/day Developmental, Lungs 66 IRIS 2/1/2011

Cadmium (soil) Chronic 1.0E-03 mg/kg/day 0.025 2.5E-05 mg/kg/day Kidney 10/1 IRIS 2/1/2011

Cadmium (water) Chronic 5.0E-04 mg/kg/day 0.05 2.5E-05 mg/kg/day Kidney 10/1 IRIS 2/1/2011

Trivalent Chromium Chronic 1.5E+00 mg/kg/day 0.013 2.0E-02 mg/kg/day None Reported 100/10 IRIS 2/1/2011

Hexavalent Chromium Chronic 3.0E-03 mg/kg/day 0.025 7.5E-05 mg/kg/day None Reported 300/3 IRIS 2/1/2011

Lead NA NA NA 1 NA NA NA NA NA NA

Manganese (soil) Chronic 1.4E-01 mg/kg/day 1 1.4E-01 mg/kg/day CNS 1/1 IRIS 2/1/2011

Manganese (water) Chronic 2.4E-02 mg/kg/day 0.04 9.6E-04 mg/kg/day CNS 1/3 IRIS 2/1/2011

Nickel Chronic 2.0E-02 mg/kg/day 0.04 8.0E-04 mg/kg/day Body Weight 300/1 IRIS 2/1/2011

Selenium Chronic 5.0E-03 mg/kg/day 1 5.0E-03 mg/kg/day Hair Loss, CNS, Skin 3/1 IRIS 2/1/2011

Thallium NA NA NA 1 NA NA NA NA NA NA

Vanadium Chronic 5.0E-03 mg/kg/day 1 5.0E-03 mg/kg/day Kidney 300 IRIS
(3)

2/1/2011

Zinc Chronic 3.0E-01 mg/kg/day 1 3.0E-01 mg/kg/day Blood 3/1 IRIS 2/1/2011

Notes: Definitions:

1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for CNS = Central Nervous System

        Dermal Risk Assessment) Interim. EPA/540/R/99/005. CVS = Cardiovascular system

2 -  Adjusted dermal RfD = Oral RfD x Oral Absorption Efficiency for Dermal. GS = Gastrointestinal

3 - Value from IRIS adjusted as presented in the U.S. EPA Regional Screening Level Table (May 2010). IRIS = Integrated Risk Information System

NA = Not Available

PPRTV = Provisional Peer Reviewed Toxicity Value
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TABLE F.7.5

NON-CANCER TOXICITY DATA -- INHALATION

NSB-NLON, GROTON, CONNECTICUT

Chemical Chronic/ Inhalation RfC Extrapolated RfD
(1)

Primary Combined RfC : Target Organ(s)

of  Potential Subchronic Target Uncertainty/Modifying

Concern Value Units Value Units Organ(s) Factors Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

Chloroform Chronic 9.8E-02 mg/m
3

2.8E-02 (mg/kg/day) Liver NA ATSDR 9/1997

Semivolatile Organic Compounds

Benzo(a)anthracene NA NA NA NA NA NA NA NA NA

Benzo(a)pyrene NA NA NA NA NA NA NA NA NA

Benzo(b)fluoranthene NA NA NA NA NA NA NA NA NA

Benzo(k)fluoranthene NA NA NA NA NA NA NA NA NA

Dibenzo(a,h)anthracene NA NA NA NA NA NA NA NA NA

Dibenzofuran NA NA NA NA NA NA NA NA NA

Indeno(1,2,3-cd)pyrene NA NA NA NA NA NA NA NA NA

Naphthalene Chronic 3.0E-03 mg/m
3

8.6E-04 (mg/kg/day) Nasal 3000/1 IRIS 2/1/2011

Inorganics

Antimony NA NA NA NA NA NA NA NA NA

Arsenic Chronic 1.5E-05 mg/m
3

4.3E-06 (mg/kg/day) NA NA Cal EPA 9/2009

Boron Chronic 2.0E-02 mg/m
3

5.7E-03 (mg/kg/day) Lungs 100 HEAST 7/1997

Cadmium Chronic 1.0E-05 mg/m
3

2.9E-06 (mg/kg/day) Kidney NA ATSDR 9/2008

Trivalent Chromium Chronic NA NA NA NA NA NA NA NA

Hexavalent Chromium Chronic 1.0E-04 mg/m
3

2.9E-05 (mg/kg/day) Lungs 300/1 IRIS 2/1/2011

Lead NA NA NA NA NA NA NA NA NA

Manganese Chronic 5.0E-05 mg/m
3

1.4E-05 (mg/kg/day) CNS 1000/1 IRIS 2/1/2011

Nickel Chronic 9.0E-05 mg/m
3

2.6E-05 (mg/kg/day) Lungs NA ATSDR 9/2005

Selenium Chronic 2.0E-02 mg/m
3

5.7E-03 (mg/kg/day) NA NA Cal EPA 9/2009

Thallium NA NA NA NA NA NA NA NA NA

Vanadium NA NA NA NA NA NA NA NA NA

Zinc NA NA NA NA NA NA NA NA NA

Notes: Definitions:

1  - Extrapolated RfD = RfC *20m
3
/day / 70 kg ATSDR = Agency for Toxic Substances and Disease Registry

Cal EPA = California Environmental Protection Agency

CNS = Central Nervous System

HEAST= Health Effects Assessment Summary Tables

IRIS = Integrated Risk Information System

NA = Not Applicable
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TABLE F.7.6

CANCER TOXICITY DATA -- ORAL/DERMAL

NSB-NLON, GROTON, CONNECTICUT

Chemical Oral Cancer Slope Factor Oral Absorption Absorbed Cancer Slope Factor Weight of Evidence/ Oral CSF

of Potential  Efficiency for Dermal
(2) Cancer Guideline  

Concern Value Units for Dermal
(1)

Value Units Description Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

Chloroform 3.1E-02 (mg/kg/day)
-1

1 3.1E-02 (mg/kg/day)
-1

B2 Cal EPA 9/2009

Semivolatile Organic Compounds

Benzo(a)anthracene
(3)

7.3E-01 (mg/kg/day)
-1

1 7.3E-01 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Benzo(a)pyrene
(3)

7.3E+00 (mg/kg/day)
-1

1 7.3E+00 (mg/kg/day)
-1

B2 IRIS 2/1/2011

Benzo(b)fluoranthene
(3)

7.3E-01 (mg/kg/day)
-1

1 7.3E-01 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Benzo(k)fluoranthene
(3)

7.3E-02 (mg/kg/day)
-1

1 7.3E-02 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Dibenzo(a,h)anthracene
(3)

7.3E+00 (mg/kg/day)
-1

1 7.3E+00 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Dibenzofuran NA NA 1 NA NA D IRIS 2/1/2011

Indeno(1,2,3-cd)pyrene
(3)

7.3E-01 (mg/kg/day)
-1

1 7.3E-01 (mg/kg/day)
-1

B2 USEPA(1) 7/1993

Naphthalene NA NA 1 NA NA C IRIS 2/1/2011

Inorganics

Antimony NA NA 0.15 NA NA NA NA NA

Arsenic 1.5E+00 (mg/kg/day)
-1

1 1.5E+00 (mg/kg/day)
-1

A IRIS 2/1/2011

Barium NA NA 0.07 NA NA D IRIS 2/1/2011

Boron NA NA 1 NA NA NA NA NA

Cadmium NA NA 0.05 NA NA B1 IRIS 2/1/2011

Trivalent Chromium NA NA 0.013 NA NA D IRIS 2/1/2011

Hexavalent Chromium 5.0E-01 (mg/kg/day)
-1

0.025 2.0E+01 (mg/kg/day)
-1

D NJDEP 4/2009

Lead NA NA 1 NA NA B2 IRIS 2/1/2011

Manganese NA NA 0.04 NA NA D IRIS 2/1/2011

Nickel NA NA 0.04 NA NA NA NA NA

Selenium NA NA 1 NA NA D NA NA

Thallium NA NA 1 NA NA NA IRIS 2/1/2011

Vanadium NA NA 1 NA NA NA NA NA

Zinc NA NA 1 NA NA D IRIS 2/1/2011

Notes:

1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Interim. EPA/540/R/99/005.

2 -  Adjusted cancer slope factor for dermal = Oral cancer slope factor / Oral Absorption Efficiency for Dermal.

3 - The carcinogenic PAHs are considered to act via the mutagenic mode of action.  These chemicals are evaluated in accordance with USEPA's Supplemental Guidance for Assessing 

      Susceptibility from Early-Life Exposure to Carcinogens (2005).

Definitions:

USEPA(1) = U.S. EPA,  Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons, July 1993, EPA/600/R-93/089.

Cal EPA = California Environmental Protection Agency.

IRIS = Integrated Risk Information System.

NA = Not Available.

NJDEP = New Jersey Department of Environmental Protection.
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TABLE F.7.6

CANCER TOXICITY DATA -- ORAL/DERMAL

NSB-NLON, GROTON, CONNECTICUT

EPA Group:

     A - Human carcinogen.

     B1 - Probable human carcinogen - indicates that limited human data are available.

     B2 - Probable human carcinogen - indicates sufficient evidence in animals and inadequate or no evidence in humans .

     C - Possible human carcinogen.

     D - Not classifiable as a human carcinogen.
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TABLE F.7.7

CANCER TOXICITY DATA -- INHALATION

NSB-NLON, GROTON, CONNECTICUT

Chemical Unit Risk Inhalation Cancer Weight of Evidence/ Unit Risk : Inhalation CSF

of Potential Slope Factor
(1)

Cancer Guideline  

Concern Value Units Value Units Description Source(s) Date(s)

(MM/DD/YYYY)

Volatile Organic Compounds

Chloroform 2.3E-05 (ug/m
3
)
-1

8.1E-02 (mg/kg/day)
-1

B2 IRIS 2/1/2011

Semivolatile Organic Compounds

Benzo(a)anthracene
(2)

1.1E-04 (ug/m
3
)
-1

3.9E-01 (mg/kg/day)
-1

NA Cal EPA 9/2009

Benzo(a)pyrene
(2)

1.1E-03 (ug/m
3
)
-1

3.9E+00 (mg/kg/day)
-1

NA Cal EPA 9/2009

Benzo(b)fluoranthene
(2)

1.1E-04 (ug/m
3
)
-1

3.9E-01 (mg/kg/day)
-1

NA Cal EPA 9/2009

Benzo(k)fluoranthene
(2)

1.1E-04 (ug/m
3
)
-1

3.9E-01 (mg/kg/day)
-1

NA Cal EPA 9/2009

Dibenzo(a,h)anthracene
(2)

1.2E-03 (ug/m
3
)
-1

4.2E+00 (mg/kg/day)
-1

NA Cal EPA 9/2009

Dibenzofuran NA NA NA NA D IRIS 2/1/2011

Indeno(1,2,3-cd)pyrene
(2)

1.1E-04 (ug/m
3
)
-1

3.9E-01 (mg/kg/day)
-1

NA Cal EPA 9/2009

Naphthalene 3.4E-05 (ug/m
3
)
-1

1.2E-01 (mg/kg/day)
-1

C Cal EPA 8/2004

Inorganics

Antimony NA NA NA NA NA NA NA

Arsenic 4.3E-03 (ug/m
3
)
-1

1.5E+01 (mg/kg/day)
-1

A IRIS 2/1/2011

Barium NA NA NA NA NA IRIS 2/1/2011

Boron NA NA NA NA NA NA NA

Cadmium 1.8E-03 (ug/m
3
)
-1

6.3E+00 (mg/kg/day)
-1

B1 IRIS 2/1/2011

Trivalent Chromium NA NA NA NA D IRIS 2/1/2011

Hexavalent Chromium 8.4E-02 (ug/m
3
)
-1

2.9E+02 (mg/kg/day)
-1

A IRIS 2/1/2011

Lead NA NA NA NA B2 IRIS 2/1/2011

Manganese NA NA NA NA D IRIS 2/1/2011

Nickel 2.6E-04 (ug/m
3
)
-1

9.1E-01 (mg/kg/day)
-1

NA Cal EPA 9/2009

Selenium NA NA NA NA D IRIS 2/1/2011

Thallium NA NA NA NA NA IRIS 2/1/2011

Vanadium NA NA NA NA NA NA NA

Zinc NA NA NA NA D IRIS 2/1/2011
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TABLE F.7.7

CANCER TOXICITY DATA -- INHALATION

NSB-NLON, GROTON, CONNECTICUT

Notes:

1 - Inhalation CSF = Unit Risk * 70 kg / 20m
3
/day.

2 - The carcinogenic PAHs are considered to act via the mutagenic mode of action.  These chemicals are evaluated in accordance with USEPA's Supplemental Guidance

       for Assessing Susceptibility from Early-Life Exposure to Carcinogens (2005).

Definitions:

Cal EPA = California Environmental Protection Agency. EPA Group:

IRIS = Integrated Risk Information System.      A - Human carcinogen.

NA = Not Available.      B1 - Probable human carcinogen - indicates that limited human data are available.

     B2 - Probable human carcinogen - indicates sufficient evidence in animals and 

              inadequate or no evidence in humans .

     C - Possible human carcinogen.

     D - Not classifiable as a human carcinogen.
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TABLE F.7.8.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 7 Ingestion Benzo(a)anthracene 2.52 mg/kg 5.6E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 4.1E-08 3.9E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.34 mg/kg 5.2E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 3.8E-07 3.6E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 3.90 mg/kg 8.6E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 6.3E-08 6.0E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 0.910 mg/kg 2.0E-08 (mg/kg/day) 7.3E-02 (mg/kg/day)-1 1.5E-09 1.4E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.430 mg/kg 9.5E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 7.0E-08 6.7E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.09 mg/kg 2.4E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.8E-08 1.7E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 414 mg/kg 9.2E-06 (mg/kg/day) NA (mg/kg/day)-1 - - 6.4E-04 (mg/kg/day) 4.0E-04 (mg/kg/day) 1.6

Arsenic 12.7 mg/kg 2.8E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 4.2E-07 2.0E-05 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.07

Hexavalent Chromium 0.500 mg/kg 1.1E-08 (mg/kg/day) 5.0E-01 (mg/kg/day)-1 5.5E-09 7.7E-07 (mg/kg/day) 3.0E-03 (mg/kg/day) 0.0003

Lead 5,370 mg/kg 1.2E-04 (mg/kg/day) NA (mg/kg/day)-1 - - 8.3E-03 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 261 mg/kg 5.8E-06 (mg/kg/day) NA (mg/kg/day)-1 - - 4.0E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.003

Nickel 53.6 mg/kg 1.2E-06 (mg/kg/day) NA (mg/kg/day)-1 - - 8.3E-05 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.004

Vanadium 65.2 mg/kg 1.4E-06 (mg/kg/day) NA (mg/kg/day)-1 - - 1.0E-04 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.02

Zinc 719 mg/kg 1.6E-05 (mg/kg/day) NA (mg/kg/day)-1 - - 1.1E-03 (mg/kg/day) 3.0E-01 (mg/kg/day) 0.004

Exp. Route Total 1.0E-06 1.7

Dermal Benzo(a)anthracene 2.52 mg/kg 2.2E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.6E-08 1.5E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.34 mg/kg 2.0E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 1.5E-07 1.4E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 3.90 mg/kg 3.4E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 2.5E-08 2.4E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 0.910 mg/kg 7.9E-09 (mg/kg/day) 7.3E-02 (mg/kg/day)-1 5.7E-10 5.5E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.430 mg/kg 3.7E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 2.7E-08 2.6E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.09 mg/kg 9.4E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 6.9E-09 6.6E-07 (mg/kg/day) NA (mg/kg/day) --

Antimony 414 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 12.7 mg/kg 2.5E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 3.8E-08 1.8E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.006

Hexavalent Chromium 0.500 mg/kg 0.0E+00 (mg/kg/day) 2.0E+01 (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 7.5E-05 (mg/kg/day) --

Lead 5,370 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 261 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Nickel 53.6 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 8.0E-04 (mg/kg/day) --

Vanadium 65.2 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Zinc 719 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 3.0E-01 (mg/kg/day) --

Exp. Route Total 2.6E-07 0.006

Exposure Point Total 1.3E-06 1.7

Exposure Medium Total 1.3E-06 1.7

Air Zone 7 Inhalation Benzo(a)anthracene 1.8E-6 mg/m3 2.9E-09 (mg/m3) 1.1E-04 (ug/m3)-1 3.2E-10 2.0E-07 (mg/m3) NA (mg/m3) --

Benzo(a)pyrene 1.7E-6 mg/m3 2.7E-09 (mg/m3) 1.1E-03 (ug/m3)-1 2.9E-09 1.9E-07 (mg/m3) NA (mg/m3) --

Benzo(b)fluoranthene 2.8E-6 mg/m3 4.5E-09 (mg/m3) 1.1E-04 (ug/m3)-1 4.9E-10 3.1E-07 (mg/m3) NA (mg/m3) --

Benzo(k)fluoranthene 6.6E-7 mg/m3 1.0E-09 (mg/m3) 1.1E-04 (ug/m3)-1 1.1E-10 7.3E-08 (mg/m3) NA (mg/m3) --

Dibenzo(a,h)anthracene 3.1E-7 mg/m3 4.9E-10 (mg/m3) 1.2E-03 (ug/m3)-1 5.9E-10 3.4E-08 (mg/m3) NA (mg/m3) --

Indeno(1,2,3-cd)pyrene 8.0E-7 mg/m3 1.2E-09 (mg/m3) 1.1E-04 (ug/m3)-1 1.4E-10 8.7E-08 (mg/m3) NA (mg/m3) --
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TABLE F.7.8.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Air Zone 7 Inhalation Antimony 3.0E-4 mg/m3 4.7E-07 (mg/m3) NA (ug/m3)-1 - - 3.3E-05 (mg/m3) 0.0E+00 (mg/m3) --

Arsenic 9.3E-6 mg/m3 1.5E-08 (mg/m3) 4.3E-03 (ug/m3)-1 6.2E-08 1.0E-06 (mg/m3) 1.5E-05 (mg/m3) 0.07

Hexavalent Chromium 3.6E-7 mg/m3 5.7E-10 (mg/m3) 8.4E-02 (ug/m3)-1 4.8E-08 4.0E-08 (mg/m3) 1.0E-04 (mg/m3) 0.0004

Lead 0.004 mg/m3 6.1E-06 (mg/m3) NA (ug/m3)-1 - - 4.3E-04 (mg/m3) NA (mg/m3) --

Manganese (Soil) 1.9E-4 mg/m3 3.0E-07 (mg/m3) NA (ug/m3)-1 - - 2.1E-05 (mg/m3) 5.0E-05 (mg/m3) 0.4

Nickel 3.9E-5 mg/m3 6.1E-08 (mg/m3) 2.6E-04 (ug/m3)-1 1.6E-08 4.3E-06 (mg/m3) 9.0E-05 (mg/m3) 0.05

Vanadium 4.8E-5 mg/m3 7.5E-08 (mg/m3) NA (ug/m3)-1 - - 5.2E-06 (mg/m3) NA (mg/m3) --

Zinc 5.2E-4 mg/m3 8.2E-07 (mg/m3) NA (ug/m3)-1 - - 5.8E-05 (mg/m3) NA (mg/m3) --

Exp. Route Total 1.3E-07 0.5

Exposure Point Total 1.3E-07 0.5

Exposure Medium Total 1.3E-07 0.5

Medium Total 1.4E-06 2.2

Groundwater Groundwater Zone 7 Dermal Chloroform 2.00 ug/L 3.7E-09 (mg/kg/day) 3.1E-02 (mg/kg/day)-1 1.2E-10 2.6E-07 (mg/kg/day) 1.0E-02 (mg/kg/day) 0.00003

Naphthalene 0.700 ug/L 8.4E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 5.9E-07 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.00003

Antimony 13.8 ug/L 3.1E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 2.1E-07 (mg/kg/day) 6.0E-05 (mg/kg/day) 0.004

Arsenic 18.8 ug/L 4.2E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 6.2E-09 2.9E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0010

Barium 682 ug/L 1.5E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 1.1E-05 (mg/kg/day) 1.4E-02 (mg/kg/day) 0.0008

Boron 939 ug/L 2.1E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 1.5E-05 (mg/kg/day) 2.0E-01 (mg/kg/day) 0.00007

Cadmium (Water) 1.61 ug/L 3.6E-10 (mg/kg/day) NA (mg/kg/day)-1 - - 2.5E-08 (mg/kg/day) 2.5E-05 (mg/kg/day) 0.0010

Lead 11.2 ug/L 2.5E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 1.7E-07 (mg/kg/day) NA (mg/kg/day) --

Manganese (Water) 2,188 ug/L 4.8E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 3.4E-05 (mg/kg/day) 9.6E-04 (mg/kg/day) 0.04

Selenium 28.3 ug/L 6.3E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 4.4E-07 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.00009

Exp. Route Total 6.4E-09 0.04

Exposure Point Total 6.4E-09 0.04

Exposure Medium Total 6.4E-09 0.04

Air Zone 7 Inhalation Chloroform 6.7E-5 mg/m3 1.3E-08 (mg/m3) 2.3E-05 (ug/m3)-1 3.0E-10 9.2E-07 (mg/m3) 9.8E-02 (mg/m3) 0.000009

Naphthalene 2.0E-5 mg/m3 4.0E-09 (mg/m3) 3.4E-05 (ug/m3)-1 1.4E-10 2.8E-07 (mg/m3) 3.0E-03 (mg/m3) 0.00009

Antimony 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 0.0E+00 (mg/m3) --

Arsenic 0.0E+0 mg/m3 0.0E+00 (mg/m3) 4.3E-03 (ug/m3)-1 - - 0.0E+00 (mg/m3) 1.5E-05 (mg/m3) --

Barium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 5.0E-04 (mg/m3) --

Boron 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 2.0E-02 (mg/m3) --

Cadmium (Water) 0.0E+0 mg/m3 0.0E+00 (mg/m3) 1.8E-03 (ug/m3)-1 - - 0.0E+00 (mg/m3) 1.0E-05 (mg/m3) --

Lead 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Manganese (Water) 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Selenium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 2.0E-02 (mg/m3) --

Exp. Route Total 4.4E-10 0.0001

Exposure Point Total 4.4E-10 0.0001

Exposure Medium Total 4.4E-10 0.0001

Medium Total 6.8E-09 0.04

Total of Receptor Risks Across All Media  1.4E-06 Total of Receptor Hazards Across All Media  2.3

12/16/2011



PAGE 1 OF 1

TABLE F.7.9.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface Soil Surface Soil Zone 7 Ingestion Benzo(a)anthracene 3.27 mg/kg 1.1E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 8.3E-07 3.2E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 3.35 mg/kg 1.2E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 8.5E-06 3.3E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 5.32 mg/kg 1.9E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.4E-06 5.2E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 2.18 mg/kg 7.6E-07 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 5.6E-08 2.1E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.02 mg/kg 3.6E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 2.6E-06 1.0E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 2.69 mg/kg 9.4E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 6.9E-07 2.6E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 15.2 mg/kg 5.3E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.5E-05 (mg/kg/day) 4.0E-04 (mg/kg/day) 0.04

Arsenic 1.64 mg/kg 5.7E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 8.6E-07 1.6E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.005

Hexavalent Chromium 0.780 mg/kg 2.7E-07 (mg/kg/day) 5.0E-01 (mg/kg/day)
-1 1.4E-07 7.6E-07 (mg/kg/day) 3.0E-03 (mg/kg/day) 0.0003

Lead 2,444 mg/kg 8.5E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.4E-03 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 144 mg/kg 5.0E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.4E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.001

Nickel 13.8 mg/kg 4.8E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.4E-05 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.0007

Vanadium 16.3 mg/kg 5.7E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.6E-05 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.003

Zinc 173 mg/kg 6.0E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.7E-04 (mg/kg/day) 3.0E-01 (mg/kg/day) 0.0006

Exp. Route Total 1.5E-05 0.05

Dermal Benzo(a)anthracene 3.27 mg/kg 9.8E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 7.2E-07 2.7E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 3.35 mg/kg 1.0E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 7.3E-06 2.8E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 5.32 mg/kg 1.6E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.2E-06 4.5E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 2.18 mg/kg 6.5E-07 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 4.8E-08 1.8E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.02 mg/kg 3.1E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 2.2E-06 8.6E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 2.69 mg/kg 8.1E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.9E-07 2.3E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 15.2 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 1.64 mg/kg 1.1E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.7E-07 3.2E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.001

Hexavalent Chromium 0.780 mg/kg 0.0E+00 (mg/kg/day) 2.0E+01 (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 7.5E-05 (mg/kg/day) --

Lead 2,444 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 144 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Nickel 13.8 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 8.0E-04 (mg/kg/day) --

Vanadium 16.3 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Zinc 173 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 3.0E-01 (mg/kg/day) --

Exp. Route Total 1.2E-05 0.001

Exposure Point Total 2.7E-05 0.05

Exposure Medium Total 2.7E-05 0.05

Medium Total 2.7E-05 0.05

Total of Receptor Risks Across All Media  2.7E-05 Total of Receptor Hazards Across All Media  0.05

12/16/2011
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TABLE F.7.10.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 7 Ingestion Benzo(a)anthracene 2.52 mg/kg 8.8E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 6.4E-07 2.5E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.34 mg/kg 8.2E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 6.0E-06 2.3E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 3.90 mg/kg 1.4E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 9.9E-07 3.8E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 0.910 mg/kg 3.2E-07 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 2.3E-08 8.9E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.430 mg/kg 1.5E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.1E-06 4.2E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.09 mg/kg 3.8E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.8E-07 1.1E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 414 mg/kg 1.4E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 4.1E-04 (mg/kg/day) 4.0E-04 (mg/kg/day) 1.0

Arsenic 12.7 mg/kg 4.4E-06 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 6.7E-06 1.2E-05 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.04

Hexavalent Chromium 0.500 mg/kg 1.7E-07 (mg/kg/day) 5.0E-01 (mg/kg/day)
-1 8.7E-08 4.9E-07 (mg/kg/day) 3.0E-03 (mg/kg/day) 0.0002

Lead 5,370 mg/kg 1.9E-03 (mg/kg/day) NA (mg/kg/day)
-1 - - 5.3E-03 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 261 mg/kg 9.1E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.6E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.002

Nickel 53.6 mg/kg 1.9E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 5.2E-05 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.003

Vanadium 65.2 mg/kg 2.3E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 6.4E-05 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.01

Zinc 719 mg/kg 2.5E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 7.0E-04 (mg/kg/day) 3.0E-01 (mg/kg/day) 0.002

Exp. Route Total 1.6E-05 1.1

Dermal Benzo(a)anthracene 2.52 mg/kg 7.6E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.5E-07 2.1E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.34 mg/kg 7.0E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 5.1E-06 2.0E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 3.90 mg/kg 1.2E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 8.5E-07 3.3E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 0.910 mg/kg 2.7E-07 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 2.0E-08 7.6E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.430 mg/kg 1.3E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 9.4E-07 3.6E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.09 mg/kg 3.3E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.4E-07 9.2E-07 (mg/kg/day) NA (mg/kg/day) --

Antimony 414 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 12.7 mg/kg 8.8E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.3E-06 2.5E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.008

Hexavalent Chromium 0.500 mg/kg 0.0E+00 (mg/kg/day) 2.0E+01 (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 7.5E-05 (mg/kg/day) --

Lead 5,370 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 261 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Nickel 53.6 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 8.0E-04 (mg/kg/day) --

Vanadium 65.2 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Zinc 719 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 3.0E-01 (mg/kg/day) --

Exp. Route Total 9.0E-06 0.008

Exposure Point Total 2.5E-05 1.1

Exposure Medium Total 2.5E-05 1.1

Medium Total 2.5E-05 1.1

Total of Receptor Risks Across All Media  2.5E-05 Total of Receptor Hazards Across All Media  1.1

12/16/2011
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TABLE F.7.11.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 7 Ingestion Benzo(a)anthracene 2.52 mg/kg 1.5E-05 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.1E-05 3.2E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.34 mg/kg 1.4E-05 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.0E-04 3.0E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 3.90 mg/kg 2.3E-05 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.7E-05 5.0E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 0.910 mg/kg 5.3E-06 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 3.9E-07 1.2E-05 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.430 mg/kg 2.5E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.8E-05 5.5E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.09 mg/kg 6.4E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 4.7E-06 1.4E-05 (mg/kg/day) NA (mg/kg/day) --

Antimony 414 mg/kg 4.5E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 5.3E-03 (mg/kg/day) 4.0E-04 (mg/kg/day) 13

Arsenic 12.7 mg/kg 1.4E-05 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 2.1E-05 1.6E-04 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.5

Hexavalent Chromium 0.500 mg/kg 2.9E-06 (mg/kg/day) 5.0E-01 (mg/kg/day)
-1 1.5E-06 6.4E-06 (mg/kg/day) 3.0E-03 (mg/kg/day) 0.002

Lead 5,370 mg/kg 5.9E-03 (mg/kg/day) NA (mg/kg/day)
-1 - - 6.9E-02 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 261 mg/kg 2.9E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 3.3E-03 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.02

Nickel 53.6 mg/kg 5.9E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 6.9E-04 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.03

Vanadium 65.2 mg/kg 7.1E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 8.3E-04 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.2

Zinc 719 mg/kg 7.9E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 9.2E-03 (mg/kg/day) 3.0E-01 (mg/kg/day) 0.03

Exp. Route Total 1.7E-04 14

Dermal Benzo(a)anthracene 2.52 mg/kg 5.4E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.9E-06 1.2E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.34 mg/kg 5.0E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.6E-05 1.1E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 3.90 mg/kg 8.3E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 6.1E-06 1.8E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 0.910 mg/kg 1.9E-06 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 1.4E-07 4.2E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.430 mg/kg 9.1E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 6.7E-06 2.0E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.09 mg/kg 2.3E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.7E-06 5.1E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 414 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 12.7 mg/kg 1.2E-06 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.8E-06 1.4E-05 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.05

Hexavalent Chromium 0.500 mg/kg 0.0E+00 (mg/kg/day) 2.0E+01 (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 7.5E-05 (mg/kg/day) --

Lead 5,370 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 261 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Nickel 53.6 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 8.0E-04 (mg/kg/day) --

Vanadium 65.2 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Zinc 719 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 3.0E-01 (mg/kg/day) --

Exp. Route Total 5.7E-05 0.05

Exposure Point Total 2.3E-04 14

Exposure Medium Total 2.3E-04 14

Medium Total 2.3E-04 14

Total of Receptor Risks Across All Media  2.3E-04 Total of Receptor Hazards Across All Media  14

12/16/2011
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TABLE F.7.12.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 7 Ingestion Benzo(a)anthracene 2.52 mg/kg 2.2E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.6E-06 3.5E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.34 mg/kg 2.0E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.5E-05 3.2E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 3.90 mg/kg 3.4E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.5E-06 5.3E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 0.910 mg/kg 7.8E-07 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 5.7E-08 1.2E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.430 mg/kg 3.7E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 2.7E-06 5.9E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.09 mg/kg 9.4E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 6.9E-07 1.5E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 414 mg/kg 1.9E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 5.7E-04 (mg/kg/day) 4.0E-04 (mg/kg/day) 1.4

Arsenic 12.7 mg/kg 6.0E-06 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 8.9E-06 1.7E-05 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.06

Hexavalent Chromium 0.500 mg/kg 4.3E-07 (mg/kg/day) 5.0E-01 (mg/kg/day)
-1 2.2E-07 6.8E-07 (mg/kg/day) 3.0E-03 (mg/kg/day) 0.0002

Lead 5,370 mg/kg 2.5E-03 (mg/kg/day) NA (mg/kg/day)
-1 - - 7.4E-03 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 261 mg/kg 1.2E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 3.6E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.003

Nickel 53.6 mg/kg 2.5E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 7.3E-05 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.004

Vanadium 65.2 mg/kg 3.1E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 8.9E-05 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.02

Zinc 719 mg/kg 3.4E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 9.8E-04 (mg/kg/day) 3.0E-01 (mg/kg/day) 0.003

Exp. Route Total 3.1E-05 1.5

Dermal Benzo(a)anthracene 2.52 mg/kg 1.1E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 8.2E-07 1.8E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.34 mg/kg 1.0E-06 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 7.6E-06 1.7E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 3.90 mg/kg 1.7E-06 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.3E-06 2.8E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 0.910 mg/kg 4.1E-07 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 3.0E-08 6.5E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.430 mg/kg 1.9E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.4E-06 3.1E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.09 mg/kg 4.9E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.6E-07 7.7E-07 (mg/kg/day) NA (mg/kg/day) --

Antimony 414 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 12.7 mg/kg 7.1E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.1E-06 2.1E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.007

Hexavalent Chromium 0.500 mg/kg 0.0E+00 (mg/kg/day) 2.0E+01 (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 7.5E-05 (mg/kg/day) --

Lead 5,370 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 261 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Nickel 53.6 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 8.0E-04 (mg/kg/day) --

Vanadium 65.2 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Zinc 719 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 3.0E-01 (mg/kg/day) --

Exp. Route Total 1.3E-05 0.007

Exposure Point Total 4.4E-05 1.5

Exposure Medium Total 4.4E-05 1.5

Medium Total 4.4E-05 1.5

Total of Receptor Risks Across All Media  4.4E-05 Total of Receptor Hazards Across All Media  1.5

12/16/2011
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TABLE F.7.8.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 7 Ingestion Benzo(a)anthracene 2.52 mg/kg 1.9E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.4E-08 1.3E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.34 mg/kg 1.7E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 1.3E-07 1.2E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 3.90 mg/kg 2.9E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 2.1E-08 2.0E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 0.910 mg/kg 6.7E-09 (mg/kg/day) 7.3E-02 (mg/kg/day)-1 4.9E-10 4.7E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.430 mg/kg 3.2E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 2.3E-08 2.2E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.09 mg/kg 8.0E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 5.9E-09 5.6E-07 (mg/kg/day) NA (mg/kg/day) --

Antimony 414 mg/kg 3.1E-06 (mg/kg/day) NA (mg/kg/day)-1 - - 2.1E-04 (mg/kg/day) 4.0E-04 (mg/kg/day) 0.5

Arsenic 12.7 mg/kg 9.4E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 1.4E-07 6.6E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.02

Hexavalent Chromium 0.500 mg/kg 3.7E-09 (mg/kg/day) 5.0E-01 (mg/kg/day)-1 1.8E-09 2.6E-07 (mg/kg/day) 3.0E-03 (mg/kg/day) 0.00009

Lead 5,370 mg/kg 4.0E-05 (mg/kg/day) NA (mg/kg/day)-1 - - 2.8E-03 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 261 mg/kg 1.9E-06 (mg/kg/day) NA (mg/kg/day)-1 - - 1.3E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.0010

Nickel 53.6 mg/kg 4.0E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 2.8E-05 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.001

Vanadium 65.2 mg/kg 4.8E-07 (mg/kg/day) NA (mg/kg/day)-1 - - 3.4E-05 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.007

Zinc 719 mg/kg 5.3E-06 (mg/kg/day) NA (mg/kg/day)-1 - - 3.7E-04 (mg/kg/day) 3.0E-01 (mg/kg/day) 0.001

Exp. Route Total 3.3E-07 0.6

Dermal Benzo(a)anthracene 2.52 mg/kg 4.8E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 3.5E-09 3.4E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.34 mg/kg 4.5E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 3.3E-08 3.1E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 3.90 mg/kg 7.5E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 5.5E-09 5.2E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 0.910 mg/kg 1.7E-09 (mg/kg/day) 7.3E-02 (mg/kg/day)-1 1.3E-10 1.2E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.430 mg/kg 8.3E-10 (mg/kg/day) 7.3E+00 (mg/kg/day)-1 6.0E-09 5.8E-08 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.09 mg/kg 2.1E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)-1 1.5E-09 1.5E-07 (mg/kg/day) NA (mg/kg/day) --

Antimony 414 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 12.7 mg/kg 5.6E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 8.4E-09 3.9E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.001

Hexavalent Chromium 0.500 mg/kg 0.0E+00 (mg/kg/day) 2.0E+01 (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 7.5E-05 (mg/kg/day) --

Lead 5,370 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 261 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Nickel 53.6 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 8.0E-04 (mg/kg/day) --

Vanadium 65.2 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Zinc 719 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)-1 - - 0.0E+00 (mg/kg/day) 3.0E-01 (mg/kg/day) --

Exp. Route Total 5.8E-08 0.001

Exposure Point Total 3.9E-07 0.6

Exposure Medium Total 3.9E-07 0.6

Air Zone 7 Inhalation Benzo(a)anthracene 1.8E-6 mg/m3 1.9E-09 (mg/m3) 1.1E-04 (ug/m3)-1 2.1E-10 1.3E-07 (mg/m3) NA (mg/m3) --

Benzo(a)pyrene 1.7E-6 mg/m3 1.8E-09 (mg/m3) 1.1E-03 (ug/m3)-1 2.0E-09 1.2E-07 (mg/m3) NA (mg/m3) --

Benzo(b)fluoranthene 2.8E-6 mg/m3 3.0E-09 (mg/m3) 1.1E-04 (ug/m3)-1 3.3E-10 2.1E-07 (mg/m3) NA (mg/m3) --

Benzo(k)fluoranthene 6.6E-7 mg/m3 6.9E-10 (mg/m3) 1.1E-04 (ug/m3)-1 7.6E-11 4.9E-08 (mg/m3) NA (mg/m3) --

Dibenzo(a,h)anthracene 3.1E-7 mg/m3 3.3E-10 (mg/m3) 1.2E-03 (ug/m3)-1 3.9E-10 2.3E-08 (mg/m3) NA (mg/m3) --

Indeno(1,2,3-cd)pyrene 8.0E-7 mg/m3 8.3E-10 (mg/m3) 1.1E-04 (ug/m3)-1 9.1E-11 5.8E-08 (mg/m3) NA (mg/m3) --
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TABLE F.7.8.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Construction Workers

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Air Zone 7 Inhalation Antimony 3.0E-4 mg/m3 3.2E-07 (mg/m3) NA (ug/m3)-1 - - 2.2E-05 (mg/m3) 0.0E+00 (mg/m3) --

Arsenic 9.3E-6 mg/m3 9.7E-09 (mg/m3) 4.3E-03 (ug/m3)-1 4.2E-08 6.8E-07 (mg/m3) 1.5E-05 (mg/m3) 0.05

Hexavalent Chromium 3.6E-7 mg/m3 3.8E-10 (mg/m3) 8.4E-02 (ug/m3)-1 3.2E-08 2.7E-08 (mg/m3) 1.0E-04 (mg/m3) 0.0003

Lead 0.004 mg/m3 4.1E-06 (mg/m3) NA (ug/m3)-1 - - 2.9E-04 (mg/m3) NA (mg/m3) --

Manganese (Soil) 1.9E-4 mg/m3 2.0E-07 (mg/m3) NA (ug/m3)-1 - - 1.4E-05 (mg/m3) 5.0E-05 (mg/m3) 0.3

Nickel 3.9E-5 mg/m3 4.1E-08 (mg/m3) 2.6E-04 (ug/m3)-1 1.1E-08 2.9E-06 (mg/m3) 9.0E-05 (mg/m3) 0.03

Vanadium 4.8E-5 mg/m3 5.0E-08 (mg/m3) NA (ug/m3)-1 - - 3.5E-06 (mg/m3) NA (mg/m3) --

Zinc 5.2E-4 mg/m3 5.5E-07 (mg/m3) NA (ug/m3)-1 - - 3.8E-05 (mg/m3) NA (mg/m3) --

Exp. Route Total 8.7E-08 0.4

Exposure Point Total 8.7E-08 0.4

Exposure Medium Total 8.7E-08 0.4

Medium Total 4.8E-07 0.9

Groundwater Groundwater Zone 7 Dermal Chloroform 0.54 ug/L 3.0E-10 (mg/kg/day) 3.1E-02 (mg/kg/day)-1 9.4E-12 2.1E-08 (mg/kg/day) 1.0E-02 (mg/kg/day) 0.000002

Naphthalene 0.700 ug/L 2.7E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 1.9E-07 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.000009

Antimony 5.1 ug/L 2.8E-10 (mg/kg/day) NA (mg/kg/day)-1 - - 2.0E-08 (mg/kg/day) 6.0E-05 (mg/kg/day) 0.0003

Arsenic 5.0 ug/L 2.8E-10 (mg/kg/day) 1.5E+00 (mg/kg/day)-1 4.2E-10 1.9E-08 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.00006

Barium 106 ug/L 5.9E-09 (mg/kg/day) NA (mg/kg/day)-1 - - 4.1E-07 (mg/kg/day) 1.4E-02 (mg/kg/day) 0.00003

Boron 384 ug/L 2.1E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 1.5E-06 (mg/kg/day) 2.0E-01 (mg/kg/day) 0.000007

Cadmium (Water) 0.30 ug/L 1.7E-11 (mg/kg/day) NA (mg/kg/day)-1 - - 1.2E-09 (mg/kg/day) 2.5E-05 (mg/kg/day) 0.00005

Lead 11.2 ug/L 6.2E-10 (mg/kg/day) NA (mg/kg/day)-1 - - 4.3E-08 (mg/kg/day) NA (mg/kg/day) --

Manganese (Water) 535 ug/L 3.0E-08 (mg/kg/day) NA (mg/kg/day)-1 - - 2.1E-06 (mg/kg/day) 9.6E-04 (mg/kg/day) 0.002

Selenium 3.9 ug/L 2.2E-10 (mg/kg/day) NA (mg/kg/day)-1 - - 1.5E-08 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.000003

Exp. Route Total 4.3E-10 0.003

Exposure Point Total 4.3E-10 0.003

Exposure Medium Total 4.3E-10 0.003

Air Zone 7 Inhalation Chloroform 1.8E-5 mg/m3 8.9E-10 (mg/m3) 2.3E-05 (ug/m3)-1 2.0E-11 6.2E-08 (mg/m3) 9.8E-02 (mg/m3) 0.0000006

Naphthalene 2.0E-5 mg/m3 9.9E-10 (mg/m3) 3.4E-05 (ug/m3)-1 3.4E-11 7.0E-08 (mg/m3) 3.0E-03 (mg/m3) 0.00002

Antimony 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 0.0E+00 (mg/m3) --

Arsenic 0.0E+0 mg/m3 0.0E+00 (mg/m3) 4.3E-03 (ug/m3)-1 - - 0.0E+00 (mg/m3) 1.5E-05 (mg/m3) --

Barium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 5.0E-04 (mg/m3) --

Boron 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 2.0E-02 (mg/m3) --

Cadmium (Water) 0.0E+0 mg/m3 0.0E+00 (mg/m3) 1.8E-03 (ug/m3)-1 - - 0.0E+00 (mg/m3) 1.0E-05 (mg/m3) --

Lead 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Manganese (Water) 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) NA (mg/m3) --

Selenium 0.0E+0 mg/m3 0.0E+00 (mg/m3) NA (ug/m3)-1 - - 0.0E+00 (mg/m3) 2.0E-02 (mg/m3) --

Exp. Route Total 5.4E-11 0.00002

Exposure Point Total 5.4E-11 0.00002

Exposure Medium Total 5.4E-11 0.00002

Medium Total 4.8E-10 0.003

Total of Receptor Risks Across All Media  4.8E-07 Total of Receptor Hazards Across All Media  0.9
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TABLE F.7.9.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Current

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface Soil Surface Soil Zone 7 Ingestion Benzo(a)anthracene 3.27 mg/kg 1.8E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.3E-07 1.4E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 3.35 mg/kg 1.8E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.3E-06 1.4E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 5.32 mg/kg 2.9E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.1E-07 2.3E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 2.18 mg/kg 1.2E-07 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 8.8E-09 9.3E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.02 mg/kg 5.6E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 4.1E-07 4.4E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 2.69 mg/kg 1.5E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.1E-07 1.2E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 15.2 mg/kg 8.4E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 6.5E-06 (mg/kg/day) 4.0E-04 (mg/kg/day) 0.02

Arsenic 1.64 mg/kg 9.0E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.4E-07 7.0E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.002

Hexavalent Chromium 0.780 mg/kg 4.3E-08 (mg/kg/day) 5.0E-01 (mg/kg/day)
-1 2.1E-08 3.3E-07 (mg/kg/day) 3.0E-03 (mg/kg/day) 0.0001

Lead 2,444 mg/kg 1.3E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.0E-03 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 144 mg/kg 7.9E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 6.2E-05 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.0004

Nickel 13.8 mg/kg 7.6E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 5.9E-06 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.0003

Vanadium 16.3 mg/kg 9.0E-07 (mg/kg/day) NA (mg/kg/day)
-1 - - 7.0E-06 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.001

Zinc 173 mg/kg 9.5E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 7.4E-05 (mg/kg/day) 3.0E-01 (mg/kg/day) 0.0002

Exp. Route Total 2.4E-06 0.02

Dermal Benzo(a)anthracene 3.27 mg/kg 3.1E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.3E-08 2.4E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 3.35 mg/kg 3.2E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 2.3E-07 2.5E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 5.32 mg/kg 5.0E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.7E-08 3.9E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 2.18 mg/kg 2.1E-08 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 1.5E-09 1.6E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 1.02 mg/kg 9.6E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 7.0E-08 7.5E-08 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 2.69 mg/kg 2.5E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.9E-08 2.0E-07 (mg/kg/day) NA (mg/kg/day) --

Antimony 15.2 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 1.64 mg/kg 3.6E-09 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 5.4E-09 2.8E-08 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.00009

Hexavalent Chromium 0.780 mg/kg 0.0E+00 (mg/kg/day) 2.0E+01 (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 7.5E-05 (mg/kg/day) --

Lead 2,444 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 144 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Nickel 13.8 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 8.0E-04 (mg/kg/day) --

Vanadium 16.3 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Zinc 173 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 3.0E-01 (mg/kg/day) --

Exp. Route Total 3.9E-07 0.00009

Exposure Point Total 2.8E-06 0.02

Exposure Medium Total 2.8E-06 0.02

Medium Total 2.8E-06 0.02

Total of Receptor Risks Across All Media  2.8E-06 Total of Receptor Hazards Across All Media  0.02
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TABLE F.7.10.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Full Time Employees

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 7 Ingestion Benzo(a)anthracene 2.52 mg/kg 1.4E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.0E-07 1.1E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.34 mg/kg 1.3E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 9.4E-07 1.0E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 3.90 mg/kg 2.1E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.6E-07 1.7E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 0.910 mg/kg 5.0E-08 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 3.7E-09 3.9E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.430 mg/kg 2.4E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.7E-07 1.8E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.09 mg/kg 6.0E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 4.4E-08 4.7E-07 (mg/kg/day) NA (mg/kg/day) --

Antimony 414 mg/kg 2.3E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.8E-04 (mg/kg/day) 4.0E-04 (mg/kg/day) 0.4

Arsenic 12.7 mg/kg 7.0E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 1.0E-06 5.4E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.02

Hexavalent Chromium 0.500 mg/kg 2.8E-08 (mg/kg/day) 5.0E-01 (mg/kg/day)
-1 1.4E-08 2.1E-07 (mg/kg/day) 3.0E-03 (mg/kg/day) 0.00007

Lead 5,370 mg/kg 3.0E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.3E-03 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 261 mg/kg 1.4E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.1E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.0008

Nickel 53.6 mg/kg 3.0E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.3E-05 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.001

Vanadium 65.2 mg/kg 3.6E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.8E-05 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.006

Zinc 719 mg/kg 4.0E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 3.1E-04 (mg/kg/day) 3.0E-01 (mg/kg/day) 0.001

Exp. Route Total 2.5E-06 0.5

Dermal Benzo(a)anthracene 2.52 mg/kg 2.4E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.7E-08 1.9E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.34 mg/kg 2.2E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.6E-07 1.7E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 3.90 mg/kg 3.7E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.7E-08 2.9E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 0.910 mg/kg 8.6E-09 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 6.3E-10 6.7E-08 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.430 mg/kg 4.1E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.0E-08 3.2E-08 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.09 mg/kg 1.0E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 7.5E-09 8.0E-08 (mg/kg/day) NA (mg/kg/day) --

Antimony 414 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 12.7 mg/kg 2.8E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 4.2E-08 2.2E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0007

Hexavalent Chromium 0.500 mg/kg 0.0E+00 (mg/kg/day) 2.0E+01 (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 7.5E-05 (mg/kg/day) --

Lead 5,370 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 261 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Nickel 53.6 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 8.0E-04 (mg/kg/day) --

Vanadium 65.2 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Zinc 719 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 3.0E-01 (mg/kg/day) --

Exp. Route Total 2.9E-07 0.0007

Exposure Point Total 2.8E-06 0.5

Exposure Medium Total 2.8E-06 0.5

Medium Total 2.8E-06 0.5

Total of Receptor Risks Across All Media  2.8E-06 Total of Receptor Hazards Across All Media  0.5

12/16/2011
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TABLE F.7.11.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 7 Ingestion Benzo(a)anthracene 2.52 mg/kg 3.1E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 2.2E-07 1.1E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.34 mg/kg 2.9E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 2.1E-06 1.0E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 3.90 mg/kg 4.8E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.5E-07 1.7E-05 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 0.910 mg/kg 1.1E-07 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 8.1E-09 3.9E-06 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.430 mg/kg 5.3E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.8E-07 1.8E-06 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.09 mg/kg 1.3E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 9.7E-08 4.7E-06 (mg/kg/day) NA (mg/kg/day) --

Antimony 414 mg/kg 5.1E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.8E-03 (mg/kg/day) 4.0E-04 (mg/kg/day) 4.4

Arsenic 12.7 mg/kg 1.6E-06 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 2.3E-06 5.4E-05 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.2

Hexavalent Chromium 0.500 mg/kg 6.1E-08 (mg/kg/day) 5.0E-01 (mg/kg/day)
-1 3.1E-08 2.1E-06 (mg/kg/day) 3.0E-03 (mg/kg/day) 0.0007

Lead 5,370 mg/kg 6.6E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.3E-02 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 261 mg/kg 3.2E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.1E-03 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.008

Nickel 53.6 mg/kg 6.5E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.3E-04 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.01

Vanadium 65.2 mg/kg 8.0E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.8E-04 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.06

Zinc 719 mg/kg 8.8E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 3.1E-03 (mg/kg/day) 3.0E-01 (mg/kg/day) 0.01

Exp. Route Total 5.5E-06 4.7

Dermal Benzo(a)anthracene 2.52 mg/kg 4.5E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.3E-08 1.6E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.34 mg/kg 4.2E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 3.0E-07 1.5E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 3.90 mg/kg 6.9E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.1E-08 2.4E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 0.910 mg/kg 1.6E-08 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 1.2E-09 5.7E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.430 mg/kg 7.6E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 5.6E-08 2.7E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.09 mg/kg 1.9E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.4E-08 6.8E-07 (mg/kg/day) NA (mg/kg/day) --

Antimony 414 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 12.7 mg/kg 5.2E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 7.8E-08 1.8E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.006

Hexavalent Chromium 0.500 mg/kg 0.0E+00 (mg/kg/day) 2.0E+01 (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 7.5E-05 (mg/kg/day) --

Lead 5,370 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 261 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Nickel 53.6 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 8.0E-04 (mg/kg/day) --

Vanadium 65.2 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Zinc 719 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 3.0E-01 (mg/kg/day) --

Exp. Route Total 5.4E-07 0.006

Exposure Point Total 6.0E-06 4.7

Exposure Medium Total 6.0E-06 4.7

Medium Total 6.0E-06 4.7

Total of Receptor Risks Across All Media  6.0E-06 Total of Receptor Hazards Across All Media  4.7

12/16/2011
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TABLE F.7.12.CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NSB-NLON, GROTON, CONNECTICUT

Scenario Timeframe: Future

Receptor Population:  Residents

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations

Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface/Subsurface Soil Surface/Subsurface Soil Zone 7 Ingestion Benzo(a)anthracene 2.52 mg/kg 1.2E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 8.4E-08 1.2E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.34 mg/kg 1.1E-07 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 7.8E-07 1.1E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 3.90 mg/kg 1.8E-07 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.3E-07 1.8E-06 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 0.910 mg/kg 4.2E-08 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 3.0E-09 4.2E-07 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.430 mg/kg 2.0E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.4E-07 2.0E-07 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.09 mg/kg 5.0E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 3.6E-08 5.0E-07 (mg/kg/day) NA (mg/kg/day) --

Antimony 414 mg/kg 1.9E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.9E-04 (mg/kg/day) 4.0E-04 (mg/kg/day) 0.5

Arsenic 12.7 mg/kg 5.8E-07 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 8.7E-07 5.8E-06 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.02

Hexavalent Chromium 0.500 mg/kg 2.3E-08 (mg/kg/day) 5.0E-01 (mg/kg/day)
-1 1.1E-08 2.3E-07 (mg/kg/day) 3.0E-03 (mg/kg/day) 0.00008

Lead 5,370 mg/kg 2.5E-04 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.5E-03 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 261 mg/kg 1.2E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 1.2E-04 (mg/kg/day) 1.4E-01 (mg/kg/day) 0.0009

Nickel 53.6 mg/kg 2.5E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 2.5E-05 (mg/kg/day) 2.0E-02 (mg/kg/day) 0.001

Vanadium 65.2 mg/kg 3.0E-06 (mg/kg/day) NA (mg/kg/day)
-1 - - 3.0E-05 (mg/kg/day) 5.0E-03 (mg/kg/day) 0.006

Zinc 719 mg/kg 3.3E-05 (mg/kg/day) NA (mg/kg/day)
-1 - - 3.3E-04 (mg/kg/day) 3.0E-01 (mg/kg/day) 0.001

Exp. Route Total 2.1E-06 0.5

Dermal Benzo(a)anthracene 2.52 mg/kg 1.7E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.2E-08 1.7E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(a)pyrene 2.34 mg/kg 1.6E-08 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 1.2E-07 1.6E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(b)fluoranthene 3.90 mg/kg 2.6E-08 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 1.9E-08 2.6E-07 (mg/kg/day) NA (mg/kg/day) --

Benzo(k)fluoranthene 0.910 mg/kg 6.2E-09 (mg/kg/day) 7.3E-02 (mg/kg/day)
-1 4.5E-10 6.2E-08 (mg/kg/day) NA (mg/kg/day) --

Dibenzo(a,h)anthracene 0.430 mg/kg 2.9E-09 (mg/kg/day) 7.3E+00 (mg/kg/day)
-1 2.1E-08 2.9E-08 (mg/kg/day) NA (mg/kg/day) --

Indeno(1,2,3-cd)pyrene 1.09 mg/kg 7.4E-09 (mg/kg/day) 7.3E-01 (mg/kg/day)
-1 5.4E-09 7.4E-08 (mg/kg/day) NA (mg/kg/day) --

Antimony 414 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 6.0E-05 (mg/kg/day) --

Arsenic 12.7 mg/kg 2.0E-08 (mg/kg/day) 1.5E+00 (mg/kg/day)
-1 3.0E-08 2.0E-07 (mg/kg/day) 3.0E-04 (mg/kg/day) 0.0007

Hexavalent Chromium 0.500 mg/kg 0.0E+00 (mg/kg/day) 2.0E+01 (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 7.5E-05 (mg/kg/day) --

Lead 5,370 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) NA (mg/kg/day) --

Manganese (Soil) 261 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.6E-03 (mg/kg/day) --

Nickel 53.6 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 8.0E-04 (mg/kg/day) --

Vanadium 65.2 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 5.0E-03 (mg/kg/day) --

Zinc 719 mg/kg 0.0E+00 (mg/kg/day) NA (mg/kg/day)
-1 - - 0.0E+00 (mg/kg/day) 3.0E-01 (mg/kg/day) --

Exp. Route Total 2.0E-07 0.0007

Exposure Point Total 2.3E-06 0.5

Exposure Medium Total 2.3E-06 0.5

Medium Total 2.3E-06 0.5

Total of Receptor Risks Across All Media  2.3E-06 Total of Receptor Hazards Across All Media  0.5

12/16/2011
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